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This  Text-Book  has  been  written  expressly  for  Second  and 
Third  Year  Students  of  Applied  Mechanics.  It,  therefore, 
forms  a  suitable  companion  to  the  Authors  Text- Book  on 
Steam  and  Steam  Engine.  It  also  forms  a  direct  continu. 
ation  of  his  Elementary  Manual  on  Applied  Mechanic8  ; 
for  it  covers  the  Advanced  Stacre  of  the  Science  and  Art 
Departments  Examinations,  and  treats  on  many  points 
demanded  by  the  Honours  Section.  It  will,  moreover,  be 
found  of  considerable  use  to  those  who  aim  at  passing  the 
Advanced  and  Honours  Stages  of  the  same  Examinations  in 
Machine  Construction  and  Drawing,  as  well  as  the  Exam- 
inations of  the  City  and  Guilds  of  London  Institute  in 
Mechanical  Engineering.  At  the  same  time,  the  treatment 
of  the  subject  is  sufficiently  general  to  satisfy  the  wants 
of  other  engineering  students  who  do  not  happen  tO  have 
these  Special  Examinations  in  view. 
The  book  has  been  divided  into  six  parts : — 

vy ^  ^     \     .    I-  The  Principle  of  Work  and  its  Applications. 
JI.  Gearing. 

( III.  Motion  and  Energy. 

I  ■ 

IV.  Strength  of  Materials. 
V.  Graphic  Statics. 
VI.  Hydraulics  and  Hydraulic  Machinery. 


V.N         *\ 
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Parts  I.  and  II.  are  now  issued  together  as  a  First 
Volume.  These  two  parts  consist  of  Nineteen  Lectures 
under  the  following  general  headings:  —  Definitions  of 
Matter  and  Work — Diagrams  of  Work — Moments  and 
Couples — The  Principle  of  Work  applied  to  Machines — Fric- 
tion of  Plane  Surfaces — Friction  of  Cylindrical  Surfaces 
and  Ships — Work  absorbed  by  Friction  in  Bearings,  &c. — 
Friction  usefully  applied  by  Clutches,  Brakes,  and  Dynamo- 
meters— Inclined  Plane  and  Screws — Efficiency  of  Machines 
— Wheel  Gearing — Friction  Gearing — ^Teeth  of  Wheels — 
Cycloidal  Teeth — Involute  Teeth;  Bevel  and  Mortice  Wheels 
— Friction  and  Strength  of  Teeth — Belt,  Rope,  and  Chain 
Gearing — ^Velocity-Ratio  and  Friction  of,  and  Hoi-se-Power 
Transmitted  by,  Belt  and  Rope  Gearing — Miscellaneous 
Gearing. 

Great  stress  has  been  laid  on  principles,  definitions,  and 
uniformity  of  notation  and  symbols.  The  explanations, 
illustrations,  and  examples  are  such  as  will  enable  students 
to  apply  leading  principles  to  practical  work.  In  most 
instances  direct  reference  has  been  made  by  footnotes  to 
the  latest  and  best  books  and  to  papers  read  before  the 
leading  Engineering  Societies  at  home  and  abroad. 

In  every  part  of  the  subject  a  number  of  examples  have 
been  fully  worked  out,  and  at  the  end  of  each  Lecture 
a  series  of  carefully  selected  questions  has  been  arranged  in 
the  precise  order  of,  and  relating  solely  to,  the  subject- 
matter  of  the  Lecture,  so  that  teachers  and  students  may 
have  a  minimum  of  trouble  in  finding  suitable  examples. 

The   Author  has   to   thank   many  of  his   old   students 
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and  friends  for  their  kind  assistance  in  connection  with  the 
production  of  this  book. 

Great  care  has  been  taken  to  avoid  errors,  but  if  any 
should  be  observed  by  readers,  the  Author  will  be  glad  to 
have  them  pointed  out,  and  to  receive  any  suggestions 
tending  to  increase  the  usefulness  of  the  book. 

ANDREW  JAMIESON. 


Thx  Olasoow  and  West  of  Sootlaitd 
Teohkigal  Collbok, 

August^  18^6. 
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Applied  Mechanics  is  that  branch  of  applied  science  which 
explains  the  principles  upon  which  machines  and  structures  are 
made ;  how  they  act,  and  how  their  strength  and  efficiency  may 
be  tested  and  calculated. 

In  this  treatise,  we  shall  be  chiefly  concerned  with  the  appli- 
cation of  mechanical  laws  and  principles  to  the  determination 
of  the  equilibrium  of  machines,  when  acted  on  by  forces;  the 
transmission  of  power  by  machines  and  fluids ;  the  stresses  in, 
and  the  stability  of,  structures  in  general. 

Although  the  student  is  expected  to  possess  an  elementary 
knowledge  of  the  subject  as  finr  as  it  is  treated  in  the  author's 
McmucU  an  Applied  Mechanics,  yet  it  is  necessary  to  define,  and 
explain  briefly,  in  their  respective  places,  the  more  elementary 
terms  which  will  be  used  in  this  book.  The  student  should  not 
content  himself  with  merely  learning  by  rote  the  definitions 
herein  given,  but  he  should  first  get  a  clear  understanding  of 
the  whole  meaning  of  the  things  defined,  and  then  endeavour  to 
acquire  the  &cility  of  defining  the  terms  in  his  own  words. 

Defihitiom.— Matter  is  anything  which  can  be  perceived  by 
our  senses,  or  which  can  exert,  or  be  acted  on  by,  force. 

What  matter  is  in  itself  we  know  not,  we  only  know  it  by 
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its  properties,  its  effects  on  other  pieces  of  matter,  and  on  our 
senses. 

Definition. — Force  is  that  which  produces,  or  tends  to  pro- 
duce, motion  or  change  of  motion  in  the  matter  upon  which  it 
acts. 

So  far  as  we  are  concerned  we  shall  consider  that  mechanical 
force  acts  on  matter  either  by  a  "push,**  "thrust,"  or  "pressure," 
or  by  a  "  pull." 

Unit  of  Force. — Since  force  is  a  measurable  quantity,  we  must 
have  a  unit  of  force  by  which  to  measure  other  forces.  In 
this  country  two  units  of  force  are  in  use,  called,  resitectively, 
the  Gravitation  Unit  and  the  Absolute  Unit.  The  gravitation 
unit  of  force  is  adopted  by  engineers ;  and  is  used  in  the  solu- 
tion of  most  Statical  problems  in  Theoretical  Mechanics.  The 
absolute  unit  of  force  is  generally  adopted  in  physical  investiga- 
tions ;  and,  also,  for  convenience  in  most  Kinetic  problems  in 
Theoretical  Mechanics. 

The  distinction  between  these  two  units  of  force  will  be  under- 
stood from  the  following  definitions  : — 

Definition. — ^An  Absolute  Unit  of  Force  may  be  defined  as 
that  force  which,  acting  for  unit  time  on  unit  mass,  imparts  to 
it  unit  velocity. 

This  is  the  general  definition  of  an  absolute  unit  of  force,  and 
by  substituting  proper  units  for  time,  mass,  and  velocity  we  get 
the  various  absolute  units  of  force  for  any  system  in  which 
time,  mass,  and  length  are  adopted  as  the  fundamental  units. 
An  absolute  unit  offeree  is,  therefore,  quite  indejiendent  of  the 
various  values  of  gravity  at  different  latitudes  and  of  all  other 
variable  forces.  In  other  words,  it  is  an  independent  and  invari- 
able unit  of  force. 

If  the  units  of  time,  mass,  and  velocity  be  the  second, 
pound,  and  foot  per  second  respectively,  we  then  get  the 
following : — 

Definition. — The  British  Absolute  Unit  of  Force,  called  the 
Poundal,  is  that  force  which,  acting  for  one  second  on  a  mass  of 
one  pound,  imparts  to  it  a  velocity  of  one  foot  per  second. 

Definition. — Oar  Gravitation  Unit  of  Force,  called  the  Pound, 
is  the  force  reqnhred  to  support  a  mass  of  one  pound  avoirdupois 
against  the  attractive  force  of  gravity  at  Greenwich  sea  level 

Hence,  the   magnitude  of  a  force,  in  gravitation  units^   is 
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Bumericallj  equal  to  the  mass  in  pounds  which  it  is  just  capable 
of  supporting  against  gravity  at  Greenwich  sea  level. 

Since  all  places  on  the  earth's  surface  (even  when  at  the  same 
level)  are  not  at  the  same  distance  from  the  centre  of  mass  of 
the  earth ;  since  the  earth  is  not  of  uniform  density,  and  since 
the  e£fect  of  centrifugal  force  due  to  the  earth's  rotation  varies 
wtth  the  latitude  (being  greatest  at  the  equator  and  zero  at  the 
poles),  it  is  evident  that  the  weight  of  a  pound  of  mass  will  vary 
with  the  locality.  It  is  less  at  places  near  the  equator  than  at 
places  near  the  poles.  For  this  reason,  then,  physicists  have 
adopted  the  AbaoltUe  or  Invariable  Unit  when  dealing  with 
problems  in  which  the  results  ai-e  to  be  independent  of  locality 
and  show  a  high  degree  of  accuracy. 

Relation  between  the  Gravitation  and  Absolnte  Units  of  Force. 
— The  symbol  g  may  be  defined  as  the  number  of  feet  per  second 
by  which  the  attractive  force  of  gravity  would  increase,  during 
every  second,  the  velocity  of  a  body  falling  freely  in  vaciu)  near 
the  earth's  surface.  The  value  of  g  is  about  32*2  at  the  latituiie 
of  London.  Clearly,  then,  the  gravitation  unit  is  g  times  the 
absolute  unit 

Hence,  A  force  of  one  pound    —  g  poundals. 

Or,  A  force  of  one  poondal  ~  -  pound. 

if 

Definition. — Work  is  said  to  be  done  by  a  force  when  it  over- 
comes a  resistance  through  a  distance  along  the  line  of  action  of 
the  resistance. 

Hence,  if  a  force  act  upon  matter  and  causes  relative  motion 
-of  its  atoms,  or  relative  change  of  motion  between  one  body  and 
another,  then  the  force  is  said  to  do  work. 

In  the  mechanical  sense  of  the  term,  tvork  implies  two  things 
— (1)  that  some  effort  has  been  exerted  or  a  resistance  overcome; 
(2)  That  something  is  moved  or  a  displacement  takes  place. 
Hence  the  two  elements  of  work  are  effort  (or  resistance)  and 
motion  (or  displacement).* 

*  The  word  *'  ^ort "  is  a  very  expressive  term,  implying  the  positive  or 
iictive  aapect  of  force;  whereas  the  word  ** resistance'*  naturaUy  conveys 
to  one  the  negative  or  opposing  aspect  of  force.  By  Newton's  Third  Law 
action  and  reaction  (or  effort  and  resistance)  are  equal  and  opposite, 
hence  the  terms  "  effort  and  action  "or  *'  resistance  and  re-action  "  are 
variously  used  in  problems  to  denote  one  and  the  same  force,  according  to 
the  way  in  which  the  problem  is  viewed. 


4  LKCnXRE  I. 

The  work  done  by  a  force  is  measured  by  the  product  of 
the  numerical  value  of  the  force  and  the  numerical  ixdue  of  the 
displacement  along  its  line  of  action. 

Definition. — The  British  Unit  of  Work,  called  the  Foot-pound 
(ft-lb.),  is  the  work  done  when  a  force  of  one  pound  acts  through, 
a  distance  of  one  foot  along  its  line  of  action. 

Definition. — The  British  Absolute  Unit  of  Work,  called  the 
Foot-poundal  (ft.-pdl.),  is  the  work  done  when  a  force  of  one 
poundal  acts  through  a  distance  of  one  foot  along  its  line  of 
action. 

The  student  will  readily  see  that  the  gravitation  unit  of  work 
is  equal  to  g  absolute  units.  Hence,  to  convert  ft.-lbs.  into 
ft.-pdls.,  multiply  the  former  by  g — i.^.,  by  32*2  for  the  latitude 
of  London. 

Let  P  =  Force  in  lbs.  (supposed  to  be  constant  or  uniform). 

y,    L  »  Displacement  of  force  in   ft.    (this   displacement 
being  along  the  line  of  action  of  the  force). 

Then,  from  the  above  definitions,  we  get : — 

Work  done  =  (P  x  L)  ft.-lbs. 

The  work  done  by  a  variable  force  will  be  considered  in  our 
next  Lecture.  In  any  case,  if  P  represents  the  mean  or  average 
force  during  the  displacement  L,  then  P  x  L  is  the  work 
doue. 

Example  I. — The  bore  of  a  pump  is  8  inches,  and  the  vertical 
lift  is  54  yards,  find  the  weight  of  the  column  lifted.  If  the 
stroke  of  the  pump  bucket  be  9  feet,  and  the  number  of  strokes 
8  per  minute,  find  the  work  done  in  one  hour. 

Answer. — Diameter  of  bucket  =  8  ins.  =  |  ft. ;  vertical  lift  or 
head  of  water  =  64  x  3  =  162  ft. ;  stroke  of  bucket  =  9  ft.;, 
number  of  strokes  of  bucket  =  8  x  60  =  480  per  hour. 

(1)  To  find  the  u)eight  of  the  column  lifted. 
Volume  of  water  lifted  =  Volume  of  column  =  -d  I. 

„  „  =  -7854  X  (I)*  x  162  «=  56-55  cub.  ft. 

/.  Weight  of  column  lifted  =  56-55  x  62*5  »  3,535  lbs. 
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(2)  To  find  the  work  done  per  Kowr. 
Work  done  in  one  stroke  »  Total  pressure  on  bucket  x  stroke. 

yy  II  ^     O|0«i50     X     y, 

«\  Work  done  per  honr      =  3,535  x  9  x  480. 
„  I,  =  15|271|200  ft.-lb8. 

Work  done  by  a  Force  Acting  Obliquely  to  the  Direction  of 
Motion.  —  Heferring  to  the  ])reviou8  definition  of  work,  the 
student  will  notice  that  the  factor  L,  in  the  product  P  x  L, 
means  the  displacement  of  the  point  of  application  of  the  force, 
P,  along  its  line  of  action.  In  many  cases  the  line  of  action  of 
the  force  is  oblique  to  the  line  of  motion,  and  we  now  proceed 
to  show  how  the  work  done  is  measured  in  such  cases. 

Consider  the  case  of  a  body  being  drawn  along  a  smooth  in- 
clined plane,  A  B,  by  an  efibrt,  P,  whose  line  of  action  is  inclined 
At  an  angle,  $  to  AB. 


Work  dons  bt  a  Force  AenNO  Obuqdely. 

Now,  from  elementary  principles  we  know  that  P  can  be 
resolved  into  two  components  at  right  angles  to  each  other. 
One  (P  cos  f)  in  the  direction  A  B.  and  the  other  (P  sin  f)  at 
right  angles  to  A  B.  The  point  of  application,  O,  of  P,  moves  in 
a  direction  parallel  to  AB,  and,  hence,  by  the  definition  just 
referred  to,  the  latter  component  (P  sin  0)  does  no  ivork.  The 
only  effect  of  this  perpendicular  or  normal  component  is  to 
diminish  the  pressure  between  the  body  and  the  plane  A  B. 
Hence,  the  only  part  of  P  which  is  effective  in  causing  motion 
is  the  component  (P  cos  6)  parallel  to  A  B. 

Let  the  body  be  displaced  from  A  to  B. 

Then,    Work  done  =  P  cos  ^  x  A  B  =  P  x  A  B  cos  ^. 

But,  AB  cos  6  is  the  length  of. the  projection  of  the  displace- 
ment, A  B,  on  the  line  of  action  of  the  effort  P,  or,  what  is  the 
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same  thing,  it  is  the  length  of  the  projection  of  the  displacement 
on  a  line  parallel  to  the  line  of  action  of  P.* 

If  we  consider  the  resistance  to  motion  instead  of  the  effort, 
we  get : — 

Work  done  ==  component  of  W  parallel  to  AB  x  displacement,  AB. 
„         „    =s  W  sin  a  X  A  B. 
„         „    =  W  X  A  B  sin  a. 
„    =  W  X  B  C. 

Here,  again,  B  C  is  the  length  of  the  projection  of  A  B  on  the 
direction  or  line  of  action  of  the  resistance,  W. 

Hence,  we  have  the  following  statement,  which  is  often 
useful : — 

The  work  done  by  a  force  is  equal  to  the  product  of  the  force 
into  the  length  of  the  projection  of  the  displacement  on  the  line 
of  action  or  direction  of  the  force. 

Example  II. — A  body  is  dragged  along  a  floor  by  means  of  a 
cord  which  makes  a  constant  angle  of  30°  with  the  floor.  The 
tension  in  the  cord  is  10  lbs.,  weight  of  body  30  lbs.  Find  (1 ) 
the  work  done  in  drawing  the  body  10  feet  along  the  floor ;  and 
(2)  the  pressure  between  the  body  and  the  floor. 

Answer.— Here  P  =  10  lbs. ;  W  =  30  lbs. ;  tf  =  30" ;  L  =  10  ft. 

Resolving  P  into  two  components  at  right  angles  to  each 
other;  one  in  the  direction  of  motion,  and  the  other  perpendi- 
cular to  it,  we  get : — 

Horiz(yntal  component  =  P  cos  6, 
Vertical  component       =  P  sin  &. 

Hence,  (1)  Work  Done  =  P  cos  ^  x  L. 

„         „     =  10  X  cos  30"  X  10. 

„     =  100  X  -'^~  =  86-6  ft.-lbs. 

*  Let  A  B  aDd  X  Y,  be  any  two  lines  inclined  to  each  other  at  an  angle,  B. 
From  A  and  B  draw  perpenaiculars  A  a,  B  &  to  X  Y.    Then  a  6  is  called  the 
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orthogonal  projection  of  line  A  B  on  line  X  Y ,  and  clearlj'  o  ?/  =  A  B  cos  &. 
In  the  text  the  term  projection  is  to  be  understood  as  oi  u%oyoucu  projtciion. 
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(2)  The  pressure  between  the  body  and  the  floor  is  equal  to 
the  weight  of  the  body  diminished  by  the  vertical  or  normal 
component  of  P. 

Pressure  between  body  and  floor  =  W  —  P  sin  d. 

=  30— 10  X  sin  30'. 
=  30  —  10  X  J  =  25  lbs. 

Proposition  I. — The  work  done  in  lifting  a  body  is  indepen- 
dent of  the  path  taken. 

When  a  body  of  weight,  W,  is  lifted  through  a  vertical  height, 
h,  the  work  done  is  simply  W  A,  and  is  quite  independent  of  the 
path  described  by  the  body  in  arriving  at  its  new  position. 

Suppose  the  body  to  be  translated  from  A  to  B  along  any 
route,  A  a  6  B.  Cousider 
the  work  done  in  moving 
the  body  from  a  to  6, 
these  two  points  being 
taken  so  near  to  each 
other  that  the  part  of  the 
curve,  ab,  lying  between 
them  may  be  regarded  as 
a  straight  line.  Through 
a  draw  ac  horizontal  and 
meeting  a  vertical  through 

b  at  the  point  c.  Then  abc  is  a  small  triangle,  and  since  the 
resistance  overcome  is  simply  that  of  the  weight,  W,  acting 
vertically  downwards,  we  get : — 

Work  done /ram  atob  =  Wxbc, 

By  dividing  the  whole  path,  A  B,  into  a  great  number  of 
parts  such  as  a  6,  we  get  for  total  displacement,  A  B  :— 

Work  done  =  W  x  26  c, 

where  Z  6  c  denotes  the  sum  of  all  such  small  vertical  distances 
like  be 

But,  26c  =  BC  =  A. 

Work  done  =  W  x  A.* 

Proposition  II. — The  work  done  in  raising  a  body  or  system 
of  bodies  is  equal  to  the  total  weight  raised  multiplied  by  the 

*  This  reBult  might  have  been  deduced  at  once  by  aasnininff  the  results 
just  previously  obtained  for  the  case  of  the  inclined  plane,  oy  obeervini; 
that  b  C  is  equal  in  length  to  the  projection  of  the  displacement,  A  a  6  B, 
on  the  direction  of  the  resistance,  W.  This  being  a  more  general  case 
than  the  one  cited,  we  have  thought  it  better  to  give  an  independent  proof. 


Work  done  is  Indbfbndbnt  of  the 
Path  Taken. 
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vertical  height  through  which  the  centre  of  gravity  of  the 
body  or  system  of  bodies  has  been  raised. 

Suppose  we  have  a  number  of  weights,  Wj,  W«,  W«,  &c.,  at 

different  heignts,  Ap  h^,  Ag, 

w,  W4  yy  ^c.,  respectively,  above  a 

1  vv  ^       I    Y*     ^  given  plane,  M  N.      Let 

1   ^*     y^        ^       I     ,       i  .the  eg.  of  the  system  be 

j    !       f '        {        I     I       j  at  pr,  at  a  height,  h,  above 

w'  Irwj  9L  I  *  hT     I*  If   all   the  weights    be 

fl  /,]   tt  ^y  ^1  ;.'  Wi.  now  lifted   into   different 

|l  ji    I  *  >  I  j^  ([    ■!  positions,     so     that     the 

*J  I**'*  h  hi  !•**«  heights    above    MN    are 

I  j  I '    1 1  i  1  [I  I  *    I  •  Hi,   Hg,  H3,   Ac,  respec- 

^„, '  *  \!  **     tively,  and  their  c.a.  at  a 

Work  done  in  Raising  a  System         u  •  ux  tt      mu 

OF  Bodies.  height  H.     Ihen, 

Total  work  done  =  W^ (Hj  -  AJ  +  W2(H2  -  Ag)  +  W3(H3  - h^)  +  «fec. 

But,  by  a  property  of  the  eg,  we  know  that 

WiHi  +  W3Hj  +  WsH3+  .  .  ,  =(Wi  +  Wj+ Wg  +  .  .  .  )H. 
And, 

^1  ^1  +  ^2^2+ ^8^8+  •  •  •  =(Wi  +  Wj+ W3  +  .  .  .  )/l* 
Subtracting  the  latter  equation  from  the  former,  we  get : — 
Wi(Hi  -h,)^  W,{H^  -  h^  +  W3(H3  -  /g  +  .  .  . 
=  (Wi  +  W2  + W3+  ...)(H  -A), 

.-.  Total  work  done  =  (Wi  +  W2  +  W3  +  . .  .)(H -A)  =  W(H  -  A). 

Where,  W  =  W^h- Wj  + W3  +  ,  Ac. 

And,  H  —  A  =  vertical  height  through  which  the  eg,  of  the 

system  has  been  raised. 

Although  we  have  taken  a  system  of  disconnected  weights  in 
proving  the  above  proposition,  the  student  will  clearly  perceive 
that  the  result  arrived  at  is  true  generally,  whatever  form  the 
material  may  have. 

The  following  simple  examples  will  show  the  application  of 
the  two  preceding  propositions  : — 

Example  III. — A  uniform  beam,  20  fb.  long,  and  weighing 
30  cwts.,  is  lying  on  the  ground.  Find  the  work  done  in  raising 
it  into  a  vertical  position  by  turning  it  about  one  end. 

*  The  student  will  readily  see  that  these  results  are  arrived  at  by  taking 
the  moments  of  the  weights  about  the  plane,  M  N,  and  then  applying  the 
"principle  oj  momentH,** 
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Answer. — The  centre  of  gravity  of  the  beam  is  10  ft  &om 
«itber  end,  and,  during;  the  operation  of  lifting  the  beam,  this 
point  will  describe  an  arc,  which  is  the  quarter  of  the  circumfer- 
«nce  of  a  circle  whose  centre  is  at  the  end  of  the  beam  in  contact 
with  the  ground.  The  vertical  height  through  which  the  e.g.  ia 
raised  is,  therefore,  10  fl. 

Hence,  hj  the  two  preceding  propoeitions. 

Work  done  =  whole  weight  of  beam  x  height  throngh 
which  ite  eg.  is  raised. 
„        „    -{30  «  112)  X  10. 
„     =  33,600  ft -lbs. 
EzAUPLB  rV.— A  cistern  22  fL  long,  14  ft.  broad,  and  12  ft. 
deep,  has  to  be  filled  with. water  from  a  well  7  ft.  in  diameter. 
The  vertical  height  of  the  bottom  of  the  cistern  above  the  free 
surface  of  the  water  in  the  well  is  100  ft,  when  the  operation  of 
filling  the  cistern  is  commenced.     Water  flows  into  the  well  at 
the  rate  of  iG'2  cubic  fl.  [ler  hour.    Find  the  work  done  in  filling 
the  cistern,  supposing  30  minutes  are  required  for  the  operation. 
Answer. — Daring  the  operation  of  filling  the  surface  of  the 
water  in  the  well  will  fall,  say  x  ft.,  from  EF  to  H  K. 

The  volume  of  water  taken  from  the  well  =  volume  of  water 
E  F  H  K.  +  volume  of  water  run  in  during  the  operation. 
But,     Volumt  of  toaUr  taken  frtim  welt 
=  volume  of  tank  A  B  0  D 
=  22  X  14  X  12  (cub.  ft.) 
Volume  of  water  i-eprueiUed  bi/  B  F  H  K 

T     t  11  I  ,       ,      a.\ 

=  -da!=-.^x7    X  je(cub.  ft.) 
Volume  of  water  run  in  in  30  mtnulet 
-  *|^  =  231  (cub  ft.) 
.-.      Jl  X  7*  X  a:  +  231  =  22  x  14  x  12 


Clearly,  then,  the  e.g.  of  the  water  has  been 
raised  firom  O,  to  0„  or  through  a  height  of 


nl 
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Filling  a  Cisruui, 

-  (22  X  14  X  12  X  624)  "  1I>1 

-  34,861,000  ft.-lbs. 

10  LECTURE   I. 


LeCTCJBB   I. — QURSTIOVS. 

1.  Define  the  terms  fcrct  and  work  done  by  a  farce.  What  are  the  units 
of  force  and  work  as  adopted  by  engineers  in  this  coontry  ?  State  the  rela- 
tions between  the  gravitation  and  absolute  units  of  force  and  work,  and 
say  why  the  latter  units  are  so  desirable  for  many  scientific  purposes. 

2.  A  punching  machine  is  provided  with  a  flywheel  and  driven  by  an 
engine  at  such  a  rate  that  two  holes  are  punched  in  three  minutes.  The 
plate  operated  on  is  1  inch  thick,  and  it  is  estimated  that  a  mean  pressure 
of  69  tons  is  exerted  through  the  space  of  1  inch.  Find  the  average  work 
done  per  minute  by  this  machine.     Ans,  8,586*6  ft.  -lbs. 

3.  A  body  wei^hin^  100  lbs.  is  pushed  along  a  horizontal  plane  by  a  force 
of  25  lbs. ,  the  direction  of  which  makes  an  angle  of  45°  with  the  plane. 
Find  the  work  done  in  moving  the  body  through  a  distance  of  100  feet,  and 
the  pressure  between  the  body  and  the  plane.  If  the  direction  of  the  force 
be  reversed,  so  that  it  now  becomes  a  pull,  find  the  work  done  during  a 
displacement  of  100  feet,  and  the  pressure  between  the  body  and  the  plime. 
Ana.  (1)  1,767  ft. -lbs. ;  117-67  lbs.    (2)  1,767  ft. -lbs. ;  82-33  lbs. 

4.  Find  the  work  done  in  turning  a  cubical  block  of  stone  about  one  of 
its  edges  until  the  diagonals  of  its  end  faces  are  vertical.  Length  of  edge 
of  cul^  44  ft.,  8.g,,  2*5.    Ana.  13,270  ft. -lbs. 

5.  A  cistern  22  ft.  long,  10  ft.  broad,  and  8  ft.  deep,  has  to  be  filled  with 
water  from  a  well  8  ft.  in  diameter  and  40  ft.  deep.  Supposing  no  water 
to  flow  into  the  well  during  the  operation  of  filling  the  cistern,  ascertain 
how  far  the  surface  of  the  water  m  the  well  is  depressed,  and  the  work 
done  in  filling  the  cistern  when  the  bottom  of  the  latter  is  36  ft.  above  the 
free  surface  of  the  water  in  the  well  at  the  beginning  of  the  operation. 
Ana.  35  ft.;  6,325,0ii0  ft. -lbs. 


NOTES  ON   LBCTURE  I.    iLND  QUESTIONS.  II 
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LECTURE  11. 

Contents. — Graphical  Representation  of  Work  Done — Diagram  of  Work 
for  any  Varying  Force — Caae  I.,  When  the  Force  varies  directly  as 
the  displacement— Examples  I.,  II.,  III.,  and  IV.— Case  II.,  When  the 
Force  varies  inversely  as  the  displacement — Boyle's  Law — Proposi- 
tion— Work  Done  by  a  Gas  Expanding  according  to  Boyle's  Law — 
Example  V. — Indicator  Diagrams — Rate  of  Doing  Work — Definition 
of  Power  or  Activity —Definition  of  Horse- Power — Example  VI. — 
Useful  and  Lost  Work— Definition  of  Efficiency— Table  of  Efficiencies 
— Examples  VII.  and  VHI. — Questions. 

<7raphical  Representation  of  Work  Done. — We  have  already  seen 
that  work  is  the  product  ot  two  factors — force  and  displacement, 
l^ow  a  force  can  be  completely  represented  by  a  straight  line, 
and  so  also  can  a  displacement.  Since  an  area  is  of  two  dimen- 
sions, it  follows  at  once,  that  work  done  can  be  represented  by 
an  area.  In  our  elementary  manual  on  Applied  Mechanics,  we 
have  shown  how  to  represent  by  diagrams,  the  work  done  for 
several  simple  cases.  For  a  uniform  force  the  diagram  of  work 
is  a  rectangle ;  for  a  uniformly  increasing  or  uniformly  decreas- 
ing force  the  diagram  will  be  triangular  or  trapezoidal  in  shape. 
The  shape  of  the  diagram  will,  however,  depend  on  the  manner 
in  which  the  force  varies  with  the  displacement. 

A  correct  diagram  of  work  must  fulfil  the  following  condi- 
tions : — 

(1)  Its  a/rea  must  represent  the  vxyrk  done, 

(2)  It  must  show  to  the  eye  the  manner  in  which  the  force  varies 
in  magnitude  during  the  displacement. 

Diagram  of  Work  for  any  Varying  Force.— We  shall  now  show 
that,  if  the  force  during  any  given  displacement  be  represented 
in  magnitude  by  the  ordinates  of  the  curve,  and  the  displacement 
by  the  corresponding  abscissae,  the  work  done  will  be  represented 
by  the  area  of  the  figure  enclosed  between  the  curve,  the  initial 
and  final  ordinates,  and  the  axis  of  x. 

Let  Ox.Oy  be  rectangular  axes ;  O  x  being  the  axis  along 
-which  displacements  are  to  be  set  off,  and  Oy  the  axis  along 
-which  forces  are  plotted. 

Suppose  the  force  at  the  beginning  of  the  motion  to  be  repre- 
sented by  the  ordinate,  O  A,  and  at  the  end  of  the  motion  by  B  C, 
then  A  E  C  is  called  the  curve  of  resistance.  At  any  intermediate 
point,  such  as  a,  the  force  or  resistance  will  be  represented  by 
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the  ordinate,  a  c.     The  work  done  during  the  displacement,  O  B, 
will  be  represented  by  the  area,  O  A  E  C  B. 

9 


D        a^  B 

<       .------  Ditpiau  u.ente  •••••-•  — ^ 

Graphical  Repbbsentation  of  Work  Donb  by  a  Varying  Force. 

For,  suppose  the  force  to  be  uniform  during  the  displacement. 
OD,then:—  ^  ^ 

dZplacemJtO^  ]  =  ^^«*  of  rectangle  O  A  E  D.* 

We  have  now  to  show  that  the  work  done  during  the  displace- 
ment, D  B,  is  represented  by  the  area,  D  E  0  B. 

Take  any  two  ordinates,  ao,  6rf,  indefinitely  near  to  each 
other.  The  lengths  of  these  ordinates  represent  the  magnitude 
of  the  forces  at  the  points  a  and  b  respectively.  Now,  since  the 
ordinates  are  indefinitely  near  together,  the  difference  in  their 
lengths  will  be  indefinitely  small.  In  that  case  acdh  may  be 
considered  a  rectangle  (its  breadth  being  infinitely  small).  Hence, 
the  work  done  during  the  infinitely  small  displacement,  a  6,  will 
be  represented  by  the  small  rectangular  strip,  acdb.  By  divid- 
ing the  displacement,  D  B,  into  an  infinite  number  of  indefinitely 
small  portions,  such  as  a  6,  and  drawing  the  ordinates  at  these 
points,  an  infinite  number  of  narrow  rectangles  will  thereby 
be  obtained.  Hence,  it  is  clear  that  the  work  done  during  the 
displacement,  B  D,  is  represented  by  the  sum  of  these  elementary 
areas, 

♦.«.,  The  Work  d<me  during  displacement  D  B  =  Area  D  E  0  B ; 
/.    Total  tocrk  done  during  displacement  O  B  =  ^r^aOAECB. 

•  The  8ign  (  =  )  is  here  used  as  an  abbreviation  of  the  words  "  «J^«/Jff; 
tenU'f  hy,^  and  must  not  be  employed  in  its  usual  sense  as  ^^^^^.r^ 
tqual  to."  The  text  wiU  enable  the  student  to  attach  the  proper  meaninft 
to  the  sign  used. 
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LECTURE  TI. 

CoNTBNTS.— Graphical  Representation  of  Work  Done — Diagram  of  Work 
for  any  Varying  Force — Case  I.,  When  the  Force  vanes  directly  as 
the  displacement— Examples  I.,  II.,  III.,  and  IV.— Case  II.,  When  the 
Force  varies  inversely  as  the  displacement — Boyle's  Law — Proposi- 
tion— Work  Done  by  a  Gas  Expanding  according  to  Boyle's  Law — 
Example  V. — Indicator  Diagrams — Rate  of  Doing  Work — Definition 
of  Power  or  Activity— Definition  of  Horse-Power — Example  VI. — 
Useful  and  Lost  Work— Definition  of  Efficiency— Table  of  Efficiencies 
— Examples  VII.  and  VIII.— Questions. 

Oraphical  Representation  of  Work  Done. — We  have  already  seen 
that  work  is  the  product  ot  two  factors — force  and  displacement. 
Now  a  force  can  be  completely  represented  by  a  straight  line, 
and  so  also  can  a  displacement.  Since  an  area  is  of  two  dimen- 
sions, it  follows  at  once,  that  work  done  can  be  represented  by 
An  area.  In  our  elementary  manual  on  Applied  Mechanics,  we 
have  shown  how  to  represent  by  diagrams,  the  work  done  for 
several  simple  cases.  For  a  uniform  force  the  diagram  of  work 
is  a  rectangle ;  for  a  uniformly  increasing  or  unifcirmly  decreas- 
ing force  the  diagram  will  be  triangular  or  trapezoidal  in  shape. 
The  shape  of  the  diagram  will,  however,  depend  on  the  manner 
in  which  the  force  varies  with  the  displacement. 

A  correct  diagram  of  work  must  fulfil  the  following  condi- 
tions : — 

{!)  Its  a/rea  must  represent  the  work  done. 

(2)  It  must  slum)  to  the  eye  the  mcmner  in  which  tlie  force  varies 
in  magnitude  dv/ring  the  displacement. 

Diagram  of  Work  for  any  Varying  Force.— We  shall  now  show 
that,  if  the  force  during  any  given  displacement  be  represented 
in  magnitude  by  the  ordinates  of  the  curve,  and  the  displacement 
by  the  corresponding  abscissae,  the  work  done  will  be  represented 
by  the  area  of  the  figure  enclosed  between  the  curve,  the  initial 
and  final  ordinates,  and  the  axis  of  x. 

Let  O  a?,  O  y  be  rectangular  axes ;  O  x  being  the  axis  along 
which  displacements  are  to  be  set  ofiT,  and  Oy  the  axis  along 
which  forces  are  plotted. 

Suppose  the  force  at  the  beginning  of  the  motion  to  be  repre- 
sented by  the  ordinate,  O  A ,  and  at  the  end  of  the  motion  by  B  C, 
then  A  E  C  is  called  the  curve  of  resistance.  At  any  intermediate 
point,  such  as  a,  the  force  or  resistance  will  be  represented  by 
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tbe  ordinate,  a  c.     The  work  done  during  the  displacement,  O  B» 
will  be  represented  by  the  area,  O  A  £  C  B. 
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Graphical  Representation  of  Work  Done  bt  a  Varying  Force, 

For,  suppose  the  force  to  be  uniform  during  the  displacement, 
O  D,  then :— 

Z^l^Z^t^  }  =  ^-  ofrecU^n^U  O  A  E  B.- 

We  have  now  to  show  that  the  work  done  during  the  displace- 
ment, D  B,  is  represented  by  the  area,  D  £  0  B. 

Take  any  two  ordinates,  ac,  bd,  indefinitely  near  to  each 
other.  The  lengths  of  these  ordinates  represent  the  magnitude 
of  the  forces  at  the  points  a  and  h  respectively.  Now,  since  the 
ordinates  are  indefinitely  near  together,  the  difierence  in  their 
lengths  will  be  indefinitely  small.  In  that  case  acdb  may  be 
considered  a  rectangle  (its  breadth  being  infinitely  small).  Hence, 
the  work  done  during  the  infinitely  small  displacement,  a  b,  will 
be  represented  by  the  small  rectangular  strip,  acdb.  By  divid- 
ing the  displacement,  D  B,  into  an  infinite  number  of  indefinitely 
small  portions,  such  as  a  6,  and  drawing  the  ordinates  at  these 
points,  an  infinite  number  of  narrow  rectangles  will  thereby 
be  obtained.  Hence,  it  is  clear  that  the  work  done  during  the 
displacement,  B  D,  is  represented  by  the  sum  of  these  elementary 
areas, 

i.e,,  The  Work  done  during  displacement  D  B  =  Area  D  £  C  B ; 

•*.    Total  VDork  done  during  displacement  O  B  =  Area  O  A  £  C  B. 

*  The  sign  (  =  )  is  here  used  as  an  abbreviation  of  the  words  *'  is  repre- 
tenteff  by,  and  must  not  be  employed  in  its  usual  sense  as  meaning  **  i« 
eqval  to,"  The  text  will  enable  tne  student  to  attach  the  proper  meaning; 
to  the  sign  used. 
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LECTURE  TI. 

Contents. — Graphical  Representation  of  Work  Done — Diagram  of  Work 
for  any  Varying  Force — Case  I.,  When  the  Force  vanes  directly  as 
the  displacement— Examples  I.,  II.,  III.,  and  IV.— Case  II.,  When  the 
Force  varies  inversely  as  the  displacement — Boyle's  Law — Proposi- 
tion— Work  Done  by  a  Gas  Expanding  according  to  Boyle's  Law — 
Elxample  V. — Indicator  Diagrams — Rate  of  Doing  Work — Definition 
of  Power  or  Activity— Definition  of  Horse- Power — Example  VI. — 
Useful  and  Lost  Work — Definition  of  Efficiency— Table  of  Efficiencies 
— Examples  VII.  and  VIII. — Questions. 

Oraphical  Representation  of  Work  Done. — We  have  already  seen 
that  work  is  the  product  ot  two  factors — force  and  displacement 
Now  a  force  can  be  completely  represented  by  a  straight  line, 
and  so  also  can  a  displacement.  Since  an  area  is  of  two  dimen- 
sions, it  follows  at  once,  that  work  done  can  be  represented  by 
an  area.  In  our  elementary  manual  on  Applied  Mechanics,  we 
have  shown  how  to  represent  by  diagrams,  the  work  done  for 
several  simple  cases.  For  a  uniform  force  the  diagram  of  work 
is  a  rectangle ;  for  a  uniformly  increasing  or  unif(»rmly  decreas- 
ing force  the  diagram  will  be  triangular  or  trapezoidal  in  shape. 
The  shape  of  the  diagram  will,  however,  depend  on  the  manner 
in  which  the  force  varies  with  the  displacement. 

A  correct  diagram  of  work  must  fulfil  the  following  condi- 
tions : — 

I)  Its  area  must  represent  the  work  done, 

[2)  It  must  show  to  the  eye  the  manner  in  which  tfie  force  varies 
in  magnitude  during  the  displacement. 

Diagram  of  Work  for  any  Varying  Force.— We  shall  now  show 
that,  if  the  force  during  any  given  displacement  be  represented 
in  magnitude  by  the  ordinates  of  the  curve,  and  the  displacement 
by  the  corresponding  abscisste,  the  work  done  will  be  represented 
by  the  area  of  the  figure  enclosed  between  the  curve,  the  initial 
and  final  ordinates,  and  the  axis  of  a;. 

Let  Ox.Oy  be  rectangular  axes ;  O  x  being  the  axis  along 
-which  displacements  are  to  be  set  off,  and  Oy  the  axis  along 
-which  forces  are  plotted. 

Suppose  the  force  at  the  beginning  of  the  motion  to  be  repre- 
sented by  the  ordinate,  O  A,  and  at  the  end  of  the  motion  by  B  C, 
then  A  E  C  is  called  the  curve  of  resistance.  At  any  intermediate 
point,  such  as  a,  the  force  or  resistance  will  be  represented  by 
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tbe  ordinate,  a  c.     The  work  done  during  the  displacement,  O  B, 
will  be  represented  by  the  area,  O  A  E  C  B. 
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Graphical  Repbksentation  or  Work  Dons  bt  a  Vartiko  Force, 

For,  suppose  the  force  to  be  uniform  during  the  displacement, 
O  D,  then  :— 

rfS^i^'o^D  }  =  ^^«*  0/ rectangle  0  A  E  D.* 

We  have  now  to  show  that  the  work  done  during  the  displace- 
ment, D  B,  is  represented  by  the  area,  D  E  0  B. 

Take  any  two  ordinates,  ac,  bd,  indefinitely  near  to  each 
other.  The  lengths  of  these  urdinates  represent  the  magnitude 
of  the  forces  at  the  points  a  and  b  respectively.  Now,  since  the 
ordinates  are  indefinitely  near  together,  the  difference  in  their 
lengths  will  be  indefinitely  small.  In  that  case  acdb  may  be- 
considered  a  rectangle  (its  breadth  being  infinitely  small).  Hence, 
the  work  done  during  the  infinitely  small  displacement,  a  6,  will 
be  represented  by  the  small  rectangular  strip,  acdb.  By  divid- 
ing the  displacement,  D  B,  into  an  infinite  number  of  indefinitely 
small  portions,  such  as  a  6,  and  drawing  the  ordinates  at  these 
points,  an  infinite  number  of  narrow  rectangles  will  thereby 
be  obtained.  Hence,  it  is  clear  that  the  work  done  during  the 
displacement,  B  D,  is  represented  by  the  sum  of  these  elementary 
areas, 

i.e,.  The  Work  done  during  displacement  D  B  —  Area  D  E  G  B ; 

/.    Total  work  done  during  displacement  O  B  =  Area  O  A  E  0  B. 

*  The  sisn  (  —  )  is  here  used  as  an  ahbreviation  of  the  words  **  is  repre- 
sentetf  by,  and  muat  not  be  employed  in  its  usaal  sense  as  meaDing  **  m 
equcU  to.'*  The  text  will  enable  the  student  to  attach  the  proper  meaning 
to  the  sign  ased. 
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LECTURE  II. 

CoNTBKTS. — Graphical  Representation  of  Work  Done — Diagram  of  Work 
for  any  Varying  Force — Case  I.,  When  the  Force  varies  directly  as 
the  displacement— Examples  I.,  II.,  III.,  and  IV.— Case  II.,  When  the 
Force  varies  inversely  as  the  displacement — Boyle's  Law — Proposi- 
tion— Work  Done  by  a  Gas  Expanding  according  to  Boyle's  Law — 
Example  V. — Indicator  Diagrams — Rate  of  Doing  Work — Definition 
of  Power  or  Activity— Definition  of  Horse- Power — Example  VI. — 
Useful  and  Lost  Work — Definition  of  Efficiency— Table  of  Efficiencies 
— Examples  VIL  and  VIII.— Questions. 

Crraphical  Representation  of  Work  Done. — We  have  already  seen 
that  work  is  the  product  ot  two  fiftctors — force  and  displacement. 
Now  a  force  can  be  completely  represented  by  a  straight  line, 
and  so  also  can  a  displacement.  Since  an  area  is  of  two  dimen- 
sions, it  follows  at  once,  that  work  done  can  be  represented  by 
an  area.  In  our  elementary  manual  on  Applied  Mechanics,  we 
have  shown  how  to  represent  by  diagrams,  the  work  done  for 
several  simple  cases.  For  a  uniform  force  the  diagram  of  work 
is  a  rectangle ;  for  a  uniformly  increasing  or  unifc»rmly  decreas- 
ing force  the  diagram  will  be  triangular  or  trapezoidal  in  shape. 
The  shape  of  the  diagram  will,  however,  depend  on  the  manner 
in  which  the  force  varies  with  the  displacement. 

A  correct  diagram  of  work  must  fulfil  the  following  condi- 
tions : — 

(!)  Its  area  must  represent  the  work  done, 

(2)  It  must  show  to  the  eye  the  manner  in  which  the  force  varies 
in  magnitude  dv/ri/ng  the  displacement. 

Diagram  of  Work  for  any  Varying  Force.— We  shall  now  show 
that,  if  the  force  during  any  given  displacement  be  represented 
in  magnitude  by  the  ordinates  of  the  curve,  and  the  displacement 
by  the  corresponding  abscissae,  the  work  done  will  be  represented 
by  the  area  of  the  figure  enclosed  between  the  curve,  the  initial 
and  final  ordinates,  and  the  axis  of  x. 

Let  Ox.Oy  be  rectangular  axes ;  O  x  being  the  axis  along 
which  displacements  are  to  be  set  ofiT,  and  Oy  the  axis  along 
which  forces  are  plotted. 

Suppose  the  force  at  the  beginning  of  the  motion  to  be  repre- 
sented by  the  ordinate,  O  A,  and  at  the  end  of  the  motion  by  B  C, 
then  A  E  C  is  called  the  curve  of  resistance.  At  any  intermediate 
point,  such  as  a,  the  force  or  resistance  will  be  represented  by 
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tbe  ordinate,  a  c.     The  work  done  during  the  displacement,  O  B, 
will  be  represented  by  the  area,  O  A  £  C  B. 


D        06 

Displace  It.  ent»' 


Gbafhical  Representation  or  Work  Done  bt  a  Vartino  Force. 

For,  suppose  the  force  to  be  uniform  during  the  displacement, 
O  D,  then :— 

Z^'l^l^t^  }  =  ^-  of^^^  0  A  E  D.. 

We  have  now  to  show  that  the  work  done  during  the  displace- 
ment,  D  B,  is  represented  by  the  area,  D  E  0  B. 

Take  any  two  ordinates,  ac,  bd,  indefinitely  near  to  each 
other.  The  lengths  of  these  ordinates  represent  the  magnitude 
of  the  forces  at  the  points  a  and  6  respectively.  Now,  since  th& 
ordinates  are  indefinitely  near  together,  the  difierence  in  their 
lengths  will  be  indefinitely  small.  In  that  case  acdb  may  be- 
considered  a  rectangle  (its  breadth  being  infinitely  small).  Hence, 
the  work  done  during  the  infinitely  small  displacement,  a  b,  will 
be  represented  by  the  small  rectangular  strip,  acdb.  By  divid- 
ing the  displacement,  D  B,  into  an  infinite  number  of  indefiaitely 
small  portions,  such  as  a  6,  and  drawing  the  ordinates  at  these 
points,  an  infinite  number  of  narrow  rectangles  will  thereby 
be  obtained.  Hence,  it  is  clear  that  the  work  done  during  the 
displacement,  B  D,  is  represented  by  the  sum  of  these  elementary 
areas, 

i.e.,  The  Work  done  during  displacement  D  B  =  Area  D  E  C  B ; 

.*.    Toted  work  done  during  displacement  O  B  =»  Area  O  A  E  0  B. 

*  The  siffn  (  =  )  is  here  uaed  as  an  abbreviation  of  the  words  **  is  repre- 
senUii  hyt  and  most  not  be  employed  in  its  usual  sense  as  meaning  **  in 
equaJ.  to"  Tbe  text  will  enable  the  student  to  attach  the  proper  meaning 
to  the  sign  used. 
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LECTURE  TL 

Contents. —Graphical  Representation  of  Work  Done — Dia^m  of  Work 
for  any  Varying  Force — Case  L,  When  the  Force  vanes  directly  as 
the  displacement —Examples  I.,  II.,  III.,  and  IV.— Case  XL,  When  the 
Force  varies  inversely  as  the  displacement — Boyle's  Law — Proposi- 
tion— Work  Done  by  a  Gas  Expanding  according  to  Boyle's  Law — 
Example  V. — Indicator  Diagrams — Rate  of  Doing  Work — Definition 
of  Power  or  Activity —Definition  of  Horse- Power — Example  VI. — 
Useful  and  Lost  Work — Definition  of  Efficiency— Table  of  Efficiencies 
— Examples  VII.  and  VIII. — Questions. 

Crraphical  Representation  of  Work  Done. — We  have  already  seen 
that  work  is  the  product  ot  two  factors — force  and  displacement 
!Now  a  force  can  be  completely  represented  by  a  straight  line, 
and  so  also  can  a  displacement.  Since  an  area  is  of  two  dimen- 
sions, it  follows  at  once,  that  work  done  can  be  represented  by 
An  area.  In  our  elementary  manual  on  Applied  Mechanics,  we 
have  shown  how  to  represent  by  diagrams,  the  work  done  for 
several  simple  cases.  For  a  uniform  force  the  diagram  of  work 
is  a  rectangle ;  for  a  uniformly  increasing  or  uniformly  decreas- 
ing force  the  diagram  will  be  triangular  or  trapezoidal  in  shape. 
The  shape  of  the  diagram  will,  however,  depend  on  the  manner 
in  which  the  force  varies  with  the  displacement. 

A  correct  diagram  of  work  must  fulfil  the  following  condi- 
tions : — 

(1)  Its  area  must  represent  the  work  done, 

(2)  It  must  show  to  the  eye  the  manner  in  which  Hie  force  varies 
in  magnitvde  during  the  displacement. 

Diagram  of  Work  for  any  Varying  Force.— We  shall  now  show 
that,  if  the  force  during  any  given  displacement  be  represented 
in  magnitude  by  the  ordinates  of  the  curve,  and  the  displacement 
by  the  corresponding  abscissae,  the  work  done  will  be  represented 
by  the  area  of  the  figure  enclosed  between  the  curve,  the  initial 
•and  final  ordinates,  and  the  axis  of  x. 

Let  O  a?,  O  y  be  rectangular  axes ;  O  x  being  the  axis  along 
which  displacements  are  to  be  set  off,  and  Oy  the  axis  along 
which  forces  are  plotted. 

Suppose  the  force  at  the  beginning  of  the  motion  to  be  repre- 
■aented  by  the  ordinate,  O  A ,  and  at  the  end  of  the  motion  by  B  C, 
then  A  E  C  is  called  the  curve  of  resistance.  At  any  intermediate 
point,  such  as  a,  the  force  or  resistance  will  be  represented  by 
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the  ordinate,  a  c.     The  work  done  during  the  displacement,  O  B, 
will  be  represented  by  the  area,  O  A  E  C  B. 
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Graphical  Representation  of  Work  Done  bt  a  Varying  Force. 

For,  suppose  the  force  to  be  uniform  during  the  displacement, 
O  D,  then :— 

We  have  now  to  show  that  the  work  done  during  the  displace- 
ment, D  B,  is  represented  by  the  area,  D  E  G  B. 

Take  any  two  ordinates,  ac,  bd,  indefinitely  near  to  eax^h 
other.  The  lengths  of  these  ordinates  represent  the  magnitude 
of  the  forces  at  the  points  a  and  6  respectively.  Now,  since  the 
ordinates  are  indefinitely  near  together,  the  difference  in  their 
lengths  will  be  indefinitely  small.  In  that  case  acdb  may  be 
considered  a  rectangle  (its  breadth  being  infinitely  small).  Hence, 
the  work  done  during  the  infinitely  small  displacement,  a  6,  will 
be  represented  by  the  small  rectangular  strip,  acdb.  By  divid- 
ing the  displacement,  D  B,  into  an  infinite  number  of  indefinitely 
small  portions,  such  as  a  6,  and  drawing  the  ordinates  at  these 
points,  an  infinite  number  of  narrow  rectangles  will  thereby 
be  obtained.  Hence,  it  is  clear  that  the  work  done  during  th& 
displacement,  B  D,  is  represented  by  the  sum  of  these  elementary 
areas, 

».«.,  The  Work  done  during  displacement  D  B  »  Area  D  E  G  B ; 

•*•    Total  work  done  during  displacement  O  B  »  Area  O  A  E  G  B. 

*  The  sisn  (  =  )  is  here  luied  as  on  abbreviation  of  the  words  **  i»  repre- 
tente'f  by,  and  must  not  be  employed  in  its  usual  sense  as  meaning  "  in 
equaX  to,**  The  text  will  enable  the  student  to  attach  the  proper  meaning 
to  the  sign  used. 


14 


LECTURE  II. 


Two  particular  cases  of  work  done  by  varying  forces  will  now 
be  considered. 

Case  I. — When  the  force  varies  directly  as  the  displacement 

When  we  stretch  or  compress  a  piece  of  any  solid  elastic 
material — e,g,,  a  helical  or  spiral  spring,  or  a  bar  of  iron  or  steel — 
the  resistance  offered  is  directly  proportional  to  the  extension 
or  compression  produced,  when  these  are  small  compared  with 
the  length  of  the  body.  Thus,  if  a  force  of  10  lbs.  be  re- 
quired to  stretch  a  spiral  spring  1  inch,  then  a  force  of  30  lbs. 
will  be  required  to  stretch  the  same  spring  3  inches,  and  so  on. 

We  may  state  this  law  thus  : — 


Or, 


Force  x  Displacement 
Px  L 

P  =  c  L ;  or  =-  =  c» 


where  c  is  some  constant  quantity  depending  on  the  nature  of 
the  material. 

Hence,  if  P  is  the  force  required  to  stretch  or  compress  the 
material  by  an  amount  L,  and  p  the  force  required  to  stretch  or 
compress  the  material  by  an  amount  I,  then 

T  :  p  =  h  :  L 

We  shall  now  show  that  in  the 
diagram  of  work  for  this  case, 
the  line  of  resistance  is  a  straight 
une. 

Set  out  A  B  to  represent  the 
displacement  L,  and  AD  to  re- 
present /. 

Let  the  ordinate  B  0  represent 
P.  Join  A  C,  and  through  D 
draw  the  ordinate  D  E.  Then 
D  E  will  represent  p. 


Diagram  of  Work  when 
the    forob  varies   as 

THE   DiSPLACEMKNT. 

By  similar  triangles, 


DE:BC=AD:AB 


t,e., 
But, 


DE 
P 


P 
P 


I 
I 


L 
L 


I .-.  D  E  = 


'  Again,  the  areas  of  the  triangles  A  D  E,  A  B  C  represent  the 
work  done  during  the  displacements  A  D  and  A  B  respectively. 


WORK  DONE  ON   AN   ELASTIC  SPRING.  15 

For, 

""4^  ^rS*}  -  «"-/-ADE.  .  i  DE.  AD. 

Work    done    during  \ 
dieplaeemenl  I         j  ' 
Similarly, 


ipi. 


Work    done    during  t  _  i  p  t 
dieplaeement  L       I  ~ 


Also, 


-  i(BO  +  DE)  X  SB. 
„         -iff*  P)  (L  -  ')• 
The  above  results  are  true  whether  the  force  uniformly  in- 
creases or  uniformly  decreases.     The  following  examples  will 
render  the  above  principles  clear : — 

ExAUPLB  1. — Show,  by  a  diagram  or  otherwise,  bow  the  work 
done  in  stretching  an  elastic  spring  is  obtained;  5  ft. -lbs.  of  work 
are  required  to  stretch  a  spiral  spring  3  inches ;  what  force  in 
Iba  will  be  required  to  stretch  the  same  spring  6^  inches] 

C 
\ 


DlAOBAH  OF  WoaX   IK  STRKTCHtltO   A   SPRINa 

AiiswitR. — Letj>,  P  denote  the  forces  required  to  stretch  the 
spring  3  inches  and  6f  inches  respectively. 

Then,  area  of  A  A  D  £  represents  the  work  done  in  stretching 
the  spring  from  A  to  D. 


s 

iJcrDM  n. 

Work    done    during} 

But,  by  the  quMtion, 

Work    done    dvnng  \ 
diaplacemmt  AD/' 

)  DExAD, 

Or, 

fp  =  60. 
p-Mlbo. 

Agai 

a,                              P:p  = 

A  B  :  A  D. 

Or, 

P  :  40  -  6}  :  3 

40  > 


■  90  lbs. 


ExAUPLB  II. — A  spiral  spriog  is  atretclted  through  I  inch  by 
a  force  of  10  lbs.     Find  the  work  done  in  aCretohmg  it  through 
an  additional  length  of  2  inches.     Draw  the  diagram  of  work 
done,  giving  dimensions.     (Adr,  S  and  A.  Exnm..  I89U.) 
C 

^ 


Answer. — Let  p  and  P  denote  the  forces  required  to  stretch 
the  spring  1  inch  and  3  inches  respectively. 

Then,  area  of  A,  A  D  £,  represents  the  work  done  in  stretch- 
ing the  spring  from  A  to  D. 

Also,  ^e  work  done  during  the  displacement 

DB  =  areaAABC-AADE  =  J(BC  +  DE)xBD. 

But,  DE:BC  =  AD:AB. 

i.e.,  10     :  P      =  1         :  3. 

P       -l«f_»  =  301bs. 

SubaldtntiDg  this  vkloe  of  P  in  above  aquation— 

The  work  done  =  J  (B  C  *•  D  E)  x  D  B. 

«     =1  {30  -»-  10)  X  2  =  40  Inch-lbs. 


DIAORAH   OF   WORK    IK    ELBVATINQ   A    GRAIN. 
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ESAHPLB  III. — A  chain  weighing  2  lbs.  per  foot  passes  over  a 
fixed  amooth  pulley,  »o  that  14  feet  hanga  ovpr  on  one  aide  aad 
6  feet  on  the  other.  Show  by  a  diagram  the  work  which  will  be 
done  in  pulling  round  the  wheel  unUI  the  upper  end  of  the  chain 
ia  1  foot  above  the  lower  ead. 


r^ 


~L-akJL >.- 


l.r 


1\ 


DuoBAii  Of  WoBK  nr  EuvATiNa  a  Cbain. 


Answer. — Clearly  the  reaistanoe  to  be  overcome  at  the  begin- 
ning of  the  motion  is  the  weight  of  the  differaaee  q{  the  two 
parta  of  the  chain  hanging  from  the  pulley.  That  ia,  the  initial 
resistance  —  weight  of  a  length  of  {14  -  6)  ■>  8  ft.  of  chain. 


Initial  reiiatanee  =  T  • 


<  2  -  16  ».. 


When  the  upper  end  of  the  chain  it  pulled  down  so  as  to  be 
1  ft.  above  the  lower  end,  the  displacement  will  be  3^  ft.,  and 
the 

Final  reaiitanee  =  p  =  I  x  2  =  2  Ibt. 
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We  can  now  construct  the  diagram  of  work.  Set  off  A  B  to 
represent  the  displacement,  =  3£'fiL  Make  A  C  represent  the 
initial  resistance,  =s  16  lbs.,  and  B  JD  represent  the  final  resistance, 
=  2  lbs.  Join  D  C,  then  the  trapezoid  A  B  D  C  is  the  diagram 
of  work,  and  its  area  represents  the  work  done. 

Work  done  =  area  A  B  D  C 

„     «:J(AC  +  BD)xAB 
„        „     =  i  (16  +  2)   X  3i 
„        „     =  31*5  ft.-lb8. 

Of  course,  the  student  will  readily  see  that  it  is  not  always 
necessary  to  construct  a  diagram  of  work  before  arriving  at  the 
answer.  All  that  is  necessary  to  know,  is  the  mean  resistance 
during  the  displacement.  Thus,  in  the  above  example,  the 
mean  resistance  is  the  arithmetical  mean  between  the  initial 
and  final  resistances.  This,  multiplied  by  the  displacement, 
gives  the  answer. 

Example  IY. — Four  cwts.  of  material  are  drawn  from  a 
depth  of  80  fathoms  by  a  rope  weighing  1*15  lbs.  per  linear  foot: 
how  many  units  of  work  are  expended  1 

Answee. — Here  the  resistance  to  be  overcome  at  the  beginning 
of  the  lift  =  fvhole  weight  of  rope  +  weight  of  material. 

Whole  weight  of  rope  =  (80  x  6)  x  115  =  552  lbs. 

Weight  ofmoiUfrial  raised  =4  x  112  =  448  Vbs. 

.-.    Resi^nce  at  begin- 1       553  +  448  -  1,000  lbs. 
mng  of  Ixft  j 

If  we  suppose  the  whole  length  of  rope  to  be  hauled  in  when 
the  material  is  brought  to  the  surface,  then  the  resistance  to  be 
overcome  at  end  of  lift  is  simply  that  of  the  weight  of  the 
material  to  be  raised. 

jResistance  at  end  of  lift  =  448  lbs. 

We  can  now  construct  the  diagram  of  work.  Set  off  A  B  to 
represent  the  displacement,  =  80  x  6  =  480  ft.  Set  off  A  C  to 
represent  the  initial  resistance  due  to  weight  of  rope,  »  552  lbs. 
Make  A  D  represent  to  the  same  scale  as  A  G,  the  resistance 
due  to  the  weight  of  the  material,  =  448  lbs.  Join  C  B,  then 
triangle  A  B  C  is  the  diagram  of  work  for  the  rope  or  variable  part 
of  the  load.  Complete  the  rectangle,  ABED;  then  ABED 
is  the  diagram  of  work  for  the  material,  or  constant  part  of  the 
load.     D  0  B  E  is  the  diagram  of  work  for  the  whole  load. 


WORK   IN    ELEVATING  A   LOAD   BT   A   ROPE. 
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Hence, 

Work  expended  dnring  lift  =  AreaDCB'K, 

=  J(DC  +  EB) 
=  J  (1,000  +  448) 
„         ==  347,520  ft.-lb8. 


>» 
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AB, 

:  480, 


n 


I 

44Slbs 
I 


DIAGRAM  OF 
WORK  FOR  ROPE/ 


,,,, ,,^ 

nV\   diagram  of\  xVv 
SOvvoRK  for  material>o 


I 
I 

I 

r 


DiAOEAM  OF  Work  in  Elsvatino  a  Load  bt  a  Ropb  or  Chain. 

We  could  have  arrived  at  the  answer  quite  simply  by  finding 
the  work  done  in  lifting  the  rope  and  material  separately,  and 
then  adding  together  the  results.     Thus  : — 

Work  dons  in  lifting  rope  =  toeight  of  rope  x  height  through 

which  its  eg,  is  raised 

„  „  =  562  X  J  X  480  =  1  a2,480yi.  lbs. 

Work  done  in  lifting  material  =  448  x  480  =  21 5,040  yi.-Z6«. 

Total  work  expended  =  132,480  +  215,040 

=  347,520  ft.-lb8. 

Case  II. — When  the  force  varies  inversely  as  the  displacement 

We  have  seen  that^  when  a  solid  elastic  material  is  stretched 
or  compressed  within  certain  limits,  the  resistance  is  propor- 
tional to  the  extension  or  compression.  When,  however,  we 
compress  a  gas  or  allow  it  to  expand,  the  law  expi*essing  the 
relation  between  the  pressure  applied  and  the  expansion  or 
compression  produced,  is  different  from  that  in  the  case  of  a 
solid.  By  expansion  or  compression  of  a  gas  we  mean  the 
increase  or  decrease  produced  in  its  volume. 
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Boyle's  Law. — The  pressure  of  a  fixed  mass  of  a  perfect 
gas,  at  a  constant  temperature,  varies  inversely  as  the  volume  it 
occupies.^ 

Let  P  =  absolute  pressure,  or  elastic  force,  of  gas  per 
square  foot, 

„    V  =  volume  of  gas  in  cuhicfeet; 

Then,  ^  ^  \' 

Or,  P  V  —  c,  a  constant. 

The  student  should  carefully  note  that  Boyle's  Law  is  true 
only  for  perfect  gases,  and,  also,  that  the  temperature  must 
remain  constant  throughout  the  changes  of  volume.  Boyle's 
Law  is  very  nearly  true  for  dry  atmospheric  air,  and  may  be 
applied  to  most  other  gases  when  these  are  not  near  their 
points  of  liquefaction. 

The  value  of  the  constant,  c,  for  a  given  mass,  depends  on  the 
nature  of  the  gas  under  consideration;  and  also,  on  the  constant 
temperature  maintained.  Thus,  the  constant  for  air  at  a  tem- 
perature 32'  F.  and  a  mass  of  one  pound  is  (14-7  x  144  x  12*34) 
=  26,214  ft.-lbs.,  at  atmospheric  pressure.  Where,  12*34  is  the 
volume  in  cubic  feet  of  1  lb.  of  air  at  32' F.  and  14*7  lbs.  the 
pressure  per  square  inch. 

Proposition. — The  work  done  per  unit  area  on  or  by  a  gas 
during  a  change  of  volume  is  equal  to  the  product  of  the  average 
pressure  per  unit  area  into  the  change  of  volume. 

Let  P  =  average  pressure  of  gas  in  lbs.  per  sq.  ft., 
„  V|  =  initial  volume  of  gas  in  cub.  ft, 
„    Vjss  nnal  „  „  „ 

Then,  Work  done  «  P  (V,  ^  Vj)  ft.-lbs. 

For,  suppose  we  have  a  cylinder  fitted  with  an  air-tight  fric- 
tionJess  piston,  the  area  of  the  latter  being  A  square  feet.  Let 
this  piston  enclose  a  volume  of  gas  in  the  cylinder  equal  to  Y^ 
cubic  feet.  Now,  let  the  piston  move  through  a  distance,  L,  feet 
in  the  cylinder,  either  by  doing  work  in  compressing  the  gas,  or 
by  allowing  the  gas  to  do  work  during  its  expansion.    If  the  gas 

*  For  an  ezporimental  demonstration  of  this  law,  and  its  applications  to 
the  steam  engine,  see  the  author's  works  on  the  **  Steam  Engine."  In  all 
applications  of  Boyle's  Law,  aJbaolute  pressures  must  be  taken.  The  pres- 
sure of  the  atmosphere  may  be  taken  at  14*7,  or,  roughly,  15  Ibe.  per  square 
inch  absolute. 
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now  occupy  a  volume,  Yo  cubic  feet,  and  the  average  pressure 
on  the  piston  during  its  displacement  be  P  lbs.  per  square  foot, 
then : — 


But, 


WM-k  done  =  P  A  x  L  {ft  Aba,) 

A  L  =  Change  of  volume  ofgca, 
„     ^Y^^Y^lcub.ft,) 
Work  done  =  P  (V^  ^  Vj)  fb.-lbs. 


This  result  is  true  whatever  be  the  size  and  shape  of  the 
Tessel  containing  the  gas.  When  the  vessel  is  of  uniform  cross 
sectional  area,  it  may  be  convenient  to  consider  only  the  dis- 
placement of  the  piston,  the  total  pressure  on  the  piston  being 
taken  as  the  effort  or  resistance.  Examples  of  this  will  be 
^iven  immediately. 

Work  done  by  a  Gas  Expanding  according  to  Boyle's  Law. — 
We  are  now  in  a  position  to  be  able  to  find  the  work  done  by 
or  on  a  gas  during  a  change  of  volume  when  the  change  takes 
place  at  constant  temperature  on  a  constant  mass  of  gas. 

Let  p^  —  initial  absolute  pressure, 
M    ^1  =       i»      volume, 
y,  p^  =  final  absolute  pressure, 

volume. 


«,    tjj 


s» 


-« 


— 1     —     —  -^ 


Diagram  of  Work  Illustrating  Botle's  Law. 

Let  O  A  and  O  D  represent  the  initial  pressure  and  volume 
respectively  ;  B  C  and  O  B  the  final  pressure  and  volume. 

Consider  the  work  done  during  the  small  increase  of  volume  a  b. 

Let  O a  =  t?  and  Ob  -  v  +  Av 
Then  a  6  >=  A  v. 
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Let  p  s  mean  pressure  daring  increase  of  volume  A  v» 

Then,  Work  done /ram  a  to  b  =  p  Av. 

.*.  Toted  work  done  during )       v»      a 

expansion  from  u  to  d  y  '^ 

Now,  in  the  limit,  when  a  6  is  taken  infinitely  small,  p  will 
denote  the  pressure  corresponding  to  the  volume  t?,  and  A  v, 
will,  according  to  the  notation  of  the  Calculus  be  denoted  by  dv. 

Total  work 
expcmaion^ 

But,  by  Boyle's  law, 

pv  =  ;>it?i  =  PiV^^^e; 

1 

.\  Total    toork     done\       /o,^  ^ 

dv/ring  expansion  }•  =  /     P\^i  "^   — 


xyrk  done  dv/ring  \  ^  f  ^  fi 
ion  from  D  to  B  f  ~  J    ^ 


from  D  ^  B 


»  }} 


»i  it 


>»  » 


^Pi^i  I       -  (since /?|^i;i  =  a  cons tanty 

=  I   JPl  t?!  log,  V 

=  Pl  Vi  (log,  V.2  -  log,  Vj) 


^2 


Similarly,  "  "  =  ^i  ^i  ^^«*  7, 

Total    work    done ) 
during  expansion  >  =  «.  t?o  logp  -^ 
from!)  to  B  )         *    '     ^   ^i 


«2 


Where  log,  -^  is  the  Napierian  or  hyperbolic  logarithm  of  the 

ratio  of  the  final  to  the  initial  volume.'^     This  ratio  -^,  is  often 

called  the  ratio  of  expanston,  and  is  denoted  by  the  letter  r. 
Since  the  above  is  true  whether  the  gas  be  expanded  or  com- 
pressed, we  get : — 

Work  done  during  expansion  ^^  \  ^  ,.  „  i^g 
compression  between  Uq  and  ^i  J 
Or,  „  „  ^Pa^a^^fo''^ 

n  99  =0  log,  r. 

Where  c  is  the  constant  in  the  equation  jPt?  =  c. 

*  The  curve  E  e  d  G  is  a  rectangular  hyperbola,  the  axes  0  x,  0  y  being 
asymptotes. 
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The  following  example  will  impress  the  above  results  more 
firmly  on  the  mind  : — 

£xAMPLE  V. — Calculate  the  work  done  when  10  cub.  ft.  of 
air  at  an  initial  absolute  pressure  of  45  lbs.  per  square  inch,  is 
expanded  at  constant  temperature  to  a  volume  of  50  cub.  ft. 
Find,  also,  the  final  pressure.* 

Answer.— Here,  P^  =  45  x  144  -  6,480  lbs.  per  sq.  ft. 

Vi  =  10  cub.  fU 
Vj  =  50      „ 

^2      50      _ 
Vi       10      ^' 
Then, 

Work  done  du/ring  expansion  =  Pj  Vj  log^  r 

„  „  =  6,480  X  10  X  log^  5  (ft.-lb8.) 

Referring  to  a  table  of  hyperbolic  logarithms,  we  find  : — 

log,  5  =  1-6094. 

/.  Work  done  daring  expansion  »  6,480  x  10  x  1*6094, 

«  104,289-92  ft.-lbB. 

Next,  to  find  the  final  pressure. 

Here,  p^  Vj  =  />i  Vj , 

Pj  x  50  =  45  X  10. 

45  X  10 
t.«.,  Pj  =  — «^ —  ■=  9  lbs.  absolute  per  sq.  in. 

Indicator  Diagrams. — As  an  important  application  of  the 
diagram  of  work  we  may  here  briefly  refer  to  indicator  dia- 
grams obtained  from  a  steam  or  gas  engine.  Every  engineer 
knows  the  importance  of  obtaining  correct  diagrams  of  work 
done  by  the  steam  or  gas  in  the  working  cylinder  of  his  engine. 
By  an  inspection  of  the  cards  thus  obtained,  he  is  able  to 
detect  faults  in  the  working  of  the  engine,  which  could  not  be 
revealed  by  any  other  method.  For  example,  from  such 
diagrams  he  can  at  once  tell  whether  the  valves  are  properly 
set;  the  manner  in  which  the  pressure  on  the  piston  varies 
throughout  the  stroke ;  the  state  of  the  vacuum  in  the  con- 
denser, if  it  be  a  steam  engine,  and  a  multitude  of  other  facts. 
He  can  also  calculate  the  area  of  the  diagram,  and  thereby  deduce 
tlie  horse-power  developed   in  the  cylinder.      Lastly,  he   can 

*  Expansion  at  oon«t«nt  temperature  is  called  *'  JBOthemuU"  expansion. 
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compare  this  indiccUed  horse-power  with  the  brake  horee-potoer 
given  out  at  any  point  of  the  machinery  during  its  transmission, 
and  so  find  the  power  spent  on  friction,  drc. 

Bate  of  Doing  Work. — In  the  definition  and  examples  of  work 
given  in  this  and  the  last  lecture  it  will  be  noticed  that  no  refer- 
ence was  made  to  the  time  taken  to  perform  the  work.  Thus, 
in  Example  III.,  we  saw  that  the  work  done  in  raising  the 
4  cwts.  of  material  and  the  rope  was  347,520  ft.-lbs.,  and  this 
result  is  true  no  matter  what  time  was  taken  to  accomplish  it. 
It  did  not  affect  the  question  of  work  done  whether  the  material' 
was  raised  in  twenty  minutes  by  the  action  of  men  on  a  wind- 
lass, or  in  one  minute  by  the  action  of  a  steam  engine.  But,  if 
we  wish  to  compare  those  two  agents  in  respect  to  the  rate  at 
which  they  perform  the  work,  it  is  clear  that  this  will  be  in  the 
proportion  of  1  :  20.     Thus  : — 

Bate  of  doing  toork  .     .     .     .   =   y,,-. —j —  : 

•^  '  lime  taken 


*•  JRate  at  which  the  men  work 


•  • 


Rate  at  which  the  engine  works 


=  1/1  =  1 
20/    1       20" 


Hence,  although  the  amount  of  work  done  is  the  same  in 
both  cases,  yet  the  ra^e  of  doing  the  work  is  inversely  as  the 
time  taken  to  do  it. 

Definition. — Power  and  Activity  are  the  terms  used  to  denote 
the  rate  of  doing  work. 

It  is  evident,  that  in  order  to  compare  the  respective  powers 
of  two  agents,  we  must  have  a  standard  or  unit  of  power.  The 
unit  of  power  adopted  in  this  country  is  the  Horse-Fower. 
This  unit  was  first  introduced  by  Watt  in  estimating  the  power 
of  his  engines,  and  is  still  the  unit  adopted  by  British  engineers. 

Definition. — ^The  Unit  of  Power,  caUed  the  Horse-power,  is 
the  rate  of  doing  work  corresponding  to  550  ft.-lbs.  per  second, 
or  33,000  fL-lbs.  per  minute,  or  1,980,000  ft.-lbs.  per  hour. 

Although  a  horse's  power  was  thus  defined  by  Watt,  yet  no 
horse  is  capable  of  working  at  the  above  rate  for  any  length  of 
time.  The  actual  power  of  a  good  horse,  working  for  10  hours 
a  day,  is  found  to  be  about  22,000  fb.-lbs.  per  minute  instead  of 
33,000  ft-lbs.  per  minute.  The  term,  however,  is  still  retained 
by  engineers,  although  it  is  not  now  used  in  its  original  sense.'"' 

*  For  historical  account  of  this  term,  see  the  author's  Elementary  Manual 
on  Steam  and  Steam  Engines,  p.  122. 
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Let      P  =  Average  pressure  or  eflfort  exerted,  in  lbs, 
„        L  =  Displacement  of  P.  in  feet. 
„        T  =  Time  taken  to  perform  a  given  amount  of  work. 
„  H.P.  =  Horse-power. 

P  X  L 
Then,     H.P.  =  ^.^-  „,  when  T  is  expressed  in  seconds. 


P  X  L 


"     "  33,000  X  T '        " 
P  X  L 


»»  ■"    l    nOA  AAA    .       Ol  »        »»  »> 


„       minutes, 
hours. 


1,980,000  X  T ' 

Example  YI. — The  two  cylinders  of  a  locomotive  engine  are 
-each  17  inches  in  diameter.  Length  of  stroke,  24  inches.  Mean 
effective  pressure  of  steam  on  pistons,  80  lbs.  per  square  inch. 
Diameter  of  driving  wheels,  6  feet.  Speed  of  engine  and  train, 
30  miles  per  hour.     Find  the  horse-power  exerted  by  engine. 

Answter.— (1)  Find  the  work  done  per  revolution  of  driving 
wheeU : — 


Total  effective  pressure  I  _  p  _  ^  ;2 
on  each  piston  j  —  ■■^  ~  J  ^  P» 


„  =  ~  X  172  X  80  =  18,165-7  lbs. 


11 
14 

Since  there  are  two  equal  cylinders,  and  each  piston  makes 
two  strokes  per  revolution  of  the  driving  wheels,  we  get : — 

Total  work  done  per  revolu- 1  _  «  p       at 

tion  of  driving  wheels       J  "~  x      ij, 

„  „  =  2  X  18,166-7  X  2  X  2; 

„  „  =  145,325-6  >l5.-^6*. 

(2)  Find  the  number  of  revolutions  of  driving  wheel  per  howr. 

30  miles  per  hour  =  30  x  5,280  iji,  per  hour). 

Circumference  of         )  -r,       ^^       o  /  r  *\ 

driving  wheels         [  =  tD  =  y  x  6  (feet). 

.♦.  Iftitnber  ofreoohUwM  \       30  x  5,280 

of  dri^ng  wheeU      }  "     22       ,      -  ^m  {per  hmr). 

-y-  X  6 

•*•  ^liT*  dcMper\       j45  325.g  ^  8  400  (/«.-»,.) 

1TT>  v«.«f<>^        145,325-6  X  8,400       «,. - 
H.P.  Exerted  =        '^ggo.OOO        "  «^«'*- 
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Useftil  and  Lost  Work.— Up  to  this  point,  we  have  had  no 
occasion  to  refer  to  the  relation  between  the  Useful  Work  given 
out  by  a  working  agent,  and  the  Whole  Work  Expended,  A 
machine  is  erected  to  |)erfbrm  a  given  amount  of  work,  which  is 
called  the  UseM  Work,  but  during  the  working  of  the  machine 
a  considerable  ])art  of  the  whole  work  expended  is  absorbed  in 
overcoming  frictions  1  resistances,  &c.,  and  this  work  is  usually 
spoken  of  as  the  Lost  Work.  The  sum  of  the  UaeJtU  Work  and 
the  Lo8t  Work  is  equal  to  the  Total  Work  Expended  ;  or, 

Total  Work  Expended  »  Useftd  Work  +  Lost  Work. 

Definition. — The  Efficiency  of  a  Machine  is  the  ratio  of  the 
Useftd  Work  Done  to  the  Total  Work  expended. 


Or, 


Efficiency  » 


Useftd  Work  Done 
Total  Work  Expended 


Now,  the  useful  work  done  is  always  less  than  the  total  work 
expended,  hence  the  efficiency  will  always  be  a  number  less  than 
unity.  What  is  known  as  the  Percentage  Efficiency  is  the 
efficiency,  as  found  above,  multiplied  by  100.  We  shall  have 
examples  of  the  efficiencies  of  several  machines  later  on ;  but 
in  the  meantime  it  may  be  instructive  to  note  the  efficiencies  of 
a  few  of  the  more  common  machines. 

Table  of  Epficiengibs. 
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Wheel  and  Compound  Axle, 
Simple  Screw  Jack,   . 
Worm  and  Worm  Wheel, . 
Block  and  Tackle,      . 
Weston's  Differential  Blocks, 
Hydraulic  Ram, 
Pumps  for  Draining  Mines, 
Turbme,     .... 
Overshot  Water- Wheel,     . 
Undershot        „  (Common), 

„  „  (Poucelet's), 

Breast  Wheel,    .        .        .        . 
Best  Compound  Steam  Engine, 
Gas  Engine,       .... 


Effiohnct. 


•7 
•6 
•3 

•5 

•8    „ 
•76  „ 


•58 
•25 

to  *6 
•75 
•4 
•6 
•66 

to 


t» 
•6 
to 


•8 
•8 
•4 

•7 
•9 
•8 


Pbbobntaob 
Effiooehot. 


58 

25 
30  to  60 

75 

40 

60 

66 
70  to  80 
60  „  80 
30  „  40 

60 
50  to  70 
80  „  90 
75  „  80 


Example  VII. — What  horse-power  is  required  to  lift  3,000 
cubic  feet  of  water  per  hour  to  a  height  of  80  feet,  supposing  ^ 
of  the  power  to  be  lost  by  friction,  dsc.  1 
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Answer. —  Weight  of  water  raised  \  _  3,000  x  625  ^  ^  ^^^  „ 
every  miiviUe  J  "  60  ' 

.'.  Use/vl  tvork  done  per  minute  =  3,125  x  80  =  250,000  ft.-lhs. 

Let  T.H.P.  denote  the  theoretical  horse-power  required,  i.e., 
the  power  required  when  all  frictional  losses  are  neglected,  and 
A.H.P.  the  actual  horse-power  required. 

Then  T  H  P  -  ^^^'^^  -  7-57 

men,  l.M.f .  -  -33-^^    -  7  57. 

But,  according  to  the  question,  \  of  the  actual  power  is  lost 
in  friction,  <bc. 

A.H.P.  -  i  A.H.P.  =  T.H.P. 

ifl.,  I  A. H. P.  =  T.H.P. 

A.H.P.  =  $  X  7-57  =  101.» 

ExAMPLB  VIII. — If  there  were  4,000  cubic  feet  of  water  in  a 
mine,  whose  depth  is  60  fathoms,  when  an  engine  of  70  horse- 
power began  to  work  the  pumps,  and  the  engine  continued  to 
work  for  5  hours  before  the  mine  was  cleai*ed  of  the  water, 
find  the  number  of  cubic  feet  of  water  which  had  run  into  the 
mine  per  hour,  supposing  ^  of  the  power  of  the  engine  to  be 
lost  in  the  transmission. 

Answer. — Let  x  =  number  of  cub.  ft.  of  water  run  into  the 
mine  in  one  hour. 

Then, 

Volume    of   waUr\  4,000       .         ^^^.      .    . 

pumped  per  Jumri^'^  +   ~5~  -  («^  +  800)cuh,ft, 

•'•  ^J^^^  ^^  }  =  (oj  +  SOO)  X  62-5  X  (60  x  6)ftAb$. 

Now,  since  ^  of  the  power  of  the  engine  is  lost  in  the  trans- 
mission, the  remaining  ^  will  be  employed  in  doing  the  above 
work. 

engine  per  hour      S  w  / 

t.e.,  (a +  800)  x  62-5  x  (60  x  6)  =  f  x  70  x  33,000  x  60. 

r^                                              QAA       70  x  88  X  2 ,     ,     _  , 
Or,  X  +  800  = 5 (cub.  ft.) 

X  =  3,306*6  cab.  ft. 


•  • 


*  The  method  of  answering  this  class  of  questions  ia  very  frequently 
misunderstood  by  students.  Li  an  example  like  the  above  the  student  is 
very  liable  to  increase  the  v^ftU  work  by  \  of  its  amount  and  then  find 
the  H.P.  required.  The  author  finds  the  above  method  of  answering  the 
question  appeab  more  directly  to  students. 
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Lecture  II. —Questions. 

1.  A  spiral  spring  is  stretched  through  4  inch  by  a  force  of  10  lbs.  Find 
the  work  done  in  stretching  it  througn  an  additional  length  of  2  inches. 
Draw  the  diagram  of  work  done,  giving  dimensions.     Ans.GO  inch-lbs. 

2.  A  chain  weighing  3  lbs.  per  foot  passes  over  a  fixed  smooth  pulley, 
BO  that  20  feet  hangs  on  one  side,  and  10  feet  on  the  other.  Find  the  work 
done  in  pulling  round  the  wheel  until  the  upper  end  of  the  chain  is  6  inches 
above  the  lower  end.  Explain  clearly  the  method  of  setting  out  the 
-diagram  of  work  in  this  case  and  construct  it.     Ans.  74*8  ft. -lbs. 

3.  A  steel  wire  ro])e  weighing  9  lbs.  per  fathom  is  employed  to  raise  2 
tons  of  material  from  a  depth  of  100  fothoms.  Find,  by  calculation,  and 
by  a  scale  diagram  of  the  work,  the  work  done  during  the  lift,  supposing  the 
whole  length  of  rope  to  be  wound  on  the  drum  at  end  of  lift.  Also  find  the 
resistance  offered  at  \,  4f  &nd  }  lift  respectively.  Ana,  (1)  2,958,000  ft. -lbs., 
or  1,320-5  ft.-ton8;  (2)  5,155  lbs.;  (3)  4,930  lbs.;  (4)  4,705  lbs. 

4.  Investigate  an  expression  for  the  work  done  when  a  gas  is  com])ressed 
from  a  volume  Vi,  to  a  volume  vj,  the  compression  being  isothermal — i.e., 
at  a  constant  temperature.  Find  the  work  done  in  compressing  10  cubic 
feet  of  air  at  a  pressure  of  15  lbs.  per  square  inch  absolute  till  its  pressure 
is  75  lbs.  per  sq.  in.  absolute;  given  log«  5  =  1*6094.     Ann.  34,763  ft. -lbs. 

5.  Find  the  work  done  in  exhausting  a  chamber  of  100  cubic  feet 
capacity  to  -^  of  an  atmosphere,  atmospheric  pressure  being  taken  at 
14*7  lbs.  per  square  inch  absolute.  Hyperbolic  expansion  being  assumed. 
Aru.  141,770*56  ft. -lbs. 

6.  How  is  the  working  power  of  an  agent  measured?  When  is  an 
agent  said  to  work  with  1  horse-power?  One  asent  (A)  lifts  50  lbs. 
through  100  feet  in  4  minutes;  a  second  azent  (B)  lifts  2  lbs.  through 
150  feet  in  a  quarter  of  a  minute ;  what  ratio  does  A's  working  power  b^r 
toB's?    Ans.  A  :B  =  25  :24. 

7.  The  travel  of  the  table  of  a  planing  machine  cutting  both  ways  is  9 
feet,  and  the  resistance  to  be  overcome  while  cutting  is  taken  at  400  lbs. 
If  the  number  of  double  strokes  made  in  one  hour  be  40,  find  the  horse- 
power absorbed  by  the  machine.    (S.  &  A.  Exam.,  1889.)    Ana.  0*145  H.P. 

8.  In  employing  furnace  ventilation  in  a  coal  mine,  there  is  a  furnace  at 
the  bottom  of  a  s£ikft  which  is  estimated  to  raise  100,000  cubic  feet  of  air 
at  50°  F.  through  170  feet  in  1  minute.  What  is  the  rate  at  which  the 
furnace  does  work  as  estimated  in  horse-power  ?  Note,  — A  cubic  foot  of 
air  at  50*"  F.  weighs  078  lb.     (Adv.  8.  &  A.  Exam.,  1892.)    A  rut.  40*18. 

9.  A  pump  is  worked  directly  from  the  ram  of  a  water- pressure  engine, 
the  cylinder  of  which  is  6  inches  in  diameter,  that  of  the  pump  being  8} 
inches.  The  head  of  water  in  the  supply-pipe  which  gives  the  pressure  is 
450  feet,  and  that  in  the  delivery  pipe  is  150  feet:  find  the  ratio  of  work 
done  to  total  work  expended.     Ans.  '708  :  1. 

10.  One  thousand  cubic  feet  of  water  has  to  be  raised  to  a  height  of 
200  feet  per  minute :  the  question  is,  how  many  horse-power  will  it  be 
necessary  to  employ,  supposing  that  one  quarter  of  the  power  is  lost 
through  friction  and  other  causes?    Ans.  505  H.P. 

11.  A  builder  finds  that  water  accumulates  in  the  space  for  a  foundation 
at  the  rate  of  1,500  cubic  feet  per  hour.  This  water  has  to  be  pumped  to 
a  height  of  20  feet.  The  question  is,  what  amount  of  power  will  be  required 
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to  keep  the  said  foundation  dry,  Buppoeine  that  only  0*6  of  the  power 
applied  is  available  for  useful  effect?    Ana.  1*58  H.P.  nearly. 

12.  Steam  enters  a  cylinder  at  80  lbs.  per  square  inch  absolute,  and  la 
cut  off  at  i  of  the  stroke.  Diameter  of  piston,  40  inches,  length  of  stroke, 
5  feet.  No  of  revolutions,  50  per  minute.  Back  pressure,  3  lbs.  per 
square  inch  absolute.  Find  the  horse-power  of  the  engine,  assuming  the 
ateam  to  expand  hyperbolically,  log«  3=1  *0985.    Ana.  1,009  H.P. 


Hyperbolio  or  Napierian  Looarithhs  of  Ratios  of  Expansion.   * 


No. 

Logarithm. 

No. 

Logarithm. 

No. 

Logarithm. 

No. 

Logarithm. 

1 

0 

3-5 

1  -2527629 

6 

1-7917595 

8-6 

21400661 

1-26 

•2231436 

3-75 

1-3217559 

6^ 

1  •8325814 

8-76 

2  1690536 

1-6 

•4054652 

4 

1  -3862943 

6-5 

1-8718021 

9 

2197-2245 

1-75 

•6596167 

4-25 

1  4469189 

6-75 

1-9095425 

9-25 

2  2246236 

2 

•6931472 

4-6 

1-5040773 

7 

1-9459100 

95 

2-2512918 

2-25 

•8109:{03 

4-75 

1  -6681446 

7-25 

1-9810014 

9-75 

2-2772673 

2-6 

•9162907 

6 

1-6094379 

7-5 

2-0149030 

10 

2*3025851 

2-75 

1-0116009 

6-26 

1-6582280 

7-76 

2-0476928 

12 

2-4849065 

3 

1-0986124 

5-6 

1-7047481 

8 

2-0794414 

16 

2-7080502 

3-25 

1  1786549 

6-75 

1-7491998 

8-25 

2-1102128 

18 

2*8903847 
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LECTURE  IIL 

Contents. — Moment  of  a  Force— Definition  of  the  Moment  of  a  Foroe^ 
Conventional  Signs  of  Moments— Algebraic  Snm  of  Moments — £qai- 
libriam  of  a  BcNay  under  the  Action  of  Several  Forces — Principle  of 
Moments— Example  I. — Coaples — Definitionb  relating  to  Conples — 
Propositions  L,  II.,  and  III. — Example  II.— Work  Done  by  Turning 
Efforts  and  Couples — Diagram  of  Work  Done  by  a  Couple  of  Uniform 
Moment— Work  Done  by  Variable  Momenta— The  Fusee — Correct 
Form  to  be  given  to  the  Fusee— Questions. 

Moment  of  a  Force. — When  a  body  is  free  to  turn  about  an 

axis,  and  is  acted  on  by  a  force,  P,  whose  line  of  action  is  in  a 

plane     perpendicular    to 

the  axis  (but  not  passing 

through    the    same)    the 

effect  of  P  is  to  rotate  the 

body  about  that  axis. 

The  measure  of  this 
turning  effect  depends  on 
two  things,  viz. — (1)  The 
magnitude  of  the  force^ 
and  (2)  The  perpendicular 
distance  between  the  axis 
and  the  line  of  action  of  the 
force.  Thus,  if  the  axis 
be  perpendicular  to  the 

plane  of  the  paper,  and  O  its  intersection  therewith,  then  the 
turning  effect  of  P  is  measured  by  the  product,  P  x  ON;  ON 
being  the  length  of  the  perpendicular  from  O  upon  the  line  of 
action,  A  P,  of  the  force,  P.  This  product  is  called  the  Moment 
of  the  Force,  P,  with  respect  to  the  axis  through  0. 

When  the  force  acts  in  a  plane  perpendicular  to  the  axis,  then 
it  is  best  to  define  the  moment  of  the  force  with  respect  to  the 
point  O ;  the  point  O  being  the  intersection  of  the  axis  with  the 
plane  of  the  force.     We  then  get  the  following  definition : — 

The  Moment  of  a  Force,  with  respect  to  a  pomt,  is  measured 
by  the  product  cf  the  force  into  the  length  of  the  perpendicular 
drawn  f^om  the  given  point  to  the  line  of  action  of  the  force. 

From  the  above  it  will  be  seen  that  a  force  has  no  moment 
about  a  point  in  its  own  line  of  action. 


Moment  or  a  Force. 
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In  general,  when  we  wish  to  find  the  moment  of  a  given  force 
with  respect  to  a  given  aocia  in  the  body  on  which  the  force  acts, 
we  have  to  resolve  the  given  force  into  two  components,  viz. — 
(1)  One  in  B.plcme  perpendicular  to  the  axis;  (2)  The  other  per- 
pendicular to  this  plane — i.e.f  parallel  to  the  axis.  The  product 
of  the  former  component  into  the  length  of  the  perpendicular 
from  the  axis  upon  its  line  of  action,  gives  the  required  moment. 
The  component  parallel  to  the  axis  measures  the  thrust  or  pull 
(dang  the  axis.  At  the  same  time  the  component  in  the  perpen- 
dicular plane  gives  a  measure  of  the  transverse  pressure  at  the 
axis.     The  proof  of  these  statements  will  be  given  immediately. 

Conventional  Signs  of  Moments— Algebraic  Sam  of  Moments. — 
In  problems  relating  to  the  moments  of  a  number  of  forces 
acting  on  a  body  which  is  free  to  turn  about  a  given  axis,  it  is 
necessary  to  distinguish  in  sign  between  the  moments  of  those 
forces  which  tend  to  turn  the  body  in  one  direction  about  the 
axis,  and  those  tending  to  turn  the  body  in  the  opposite  direc- 
tion. If  the  moments  of  the  one  set  of  forces  be  regarded  as 
positive,  then  those  of  the  other  set  must  be  regarded  as  negative. 
Which  direction  of  rotation  is  to  be  considered  as  the  positive 
direction  is  a  matter  of  little  importance,  so  long  as  a  distinction 
in  sign  is  made  and  adhered  to  throughout  the  investigation. 

By  the  term  "  Algebraic  Sum  "  is  to  be  understood  the  sum 
of  the  several  quantities  considered  (whether  moments  or  any 
other  quantities  differing  in  sign),  each  taken  with  its  proper 
sign  attached  (  +  or  - ). 

Equilibrinm  of  a  Body  under  the  Action  of  several  Torning 
Forces. — The  tendency  of  a  force  to  turn  a  body  about  a  given 
point  depends  only  on  the  product  of  the  two  factors  (1)  effort 
and  (2)  its  perpendicular  distance  from  the  point.  It  therefore 
follows  that  if  any  number  of  forces  act  in  the  same  plane  on  a 
body  and  tend  to  turn  it  about  a  given  point,  the  result  will  be 
the  same  (so  far  as  the  turning  effect  is  concerned)  as  that  of  a 
single  force  acting  in  the  same  plane,  and  having  a  moment 
equal  to  the  sum  of  the  several  moments.  If  some  of  the  forces 
tend  to  turn  the  body  in  one  direction  and  the  others  in  the 
opposite  direction ;  and,  further,  if  the  sum  of  the  moments  of 
the  one  set  be  equal  to  the  sum  of  the  moments  of  the  other  set, 
so  that  the  algebraical  sum  of  the  moments  is  zero,  it  follows 
that  the  body  will  have  no  tendency  to  turn  in  the  one  direction 
more  than  in  the  other.  In  other  words,  the  body  will  be  in 
equilibrium  so  far  as  rotation  is  concerned.'^ 

*  The  proofs  of  these  statemeDts  are  given  in  books  on  Theoretical 
Jdechaoics. 
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Principle  of  Moments.— If  any  number  of  forces,  acting  in  the 
same  plane,  keep  a  body  in  eqnilibriom,  then  the  sum  of  the 
moments  of  the  forces  tending  to  torn  the  body  about  any  axis 
in  one  cUrection,  is  equal  to  the  sum  of  the  moments  of  the  forces 
tendhig  to  turn  the  body  about  the  same  axis  in  the  opposite 
direction. 

Conversely. — If  the  sum  of  the  moments  of  the  forces  in  the 
one  direction  is  equal  to  the  sum  of  the  moments  in  the  opposite 
direction,  the  body  will  be  kept  in  equilibrium. 

The  Principle  of  Moments  is  sometimes  stated  in  the  following 
brief  but  useftil  form.: — 

When  a  body  is  kept  in  equilibrium  by  any  number  of  co-planer 
forces,  the  algebraical  sum  of  the  moments  of  all  the  forces  about 
any  point  in  tiieir  plane  is  zero. 

Conversely.— If  the  algebraical  sum  of  the  moments  about 
any  point  in  their  plane  is  zero,  the  forces  are  in  equilibrium. 

Example  I. — A  uniform  beam  weighing  1  ton  rests  on  sup- 
ports at  its  ends,  20  ft  apart.  Weights  of  5,  10,  and  15  cwts. 
rest  on  the  beam  at  distances  of  6  ft.  apart,  the  weight  of  5  owts. 
being  4  ft.  from  one  of  the  supports.  Find  the  reactions  at  the 
points  of  support 


Ri-i^fevC  Bt^tSewi. 


if 
Vi'lSOewk 

To  Illustbate  Examfli  ov  Mombnts. 

Answer. — According  to  the  Principle  of  Moments  junt  stated, 
we  may  take  moments  about  any  point  in  the  plane  of  the  forces, 
in  order  to  find  Rj  and  Ro  the  reactions  at  the  points  of  support. 
The  student,  however,  will  find  it  advantageous  to  take  moments 
about  one  of  the  points  of  support;  for  then,  the  moment  of 
the  reaction  at  that  point  wiU  vanish,  and  he  will  thus  have 
an  equation  containing  only  one  unknown  quantity — viz.,  the 
other  reaction. 

3 
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ISappose  we  take  moments  about  the  point  B,  then  we  get : — 
Ri  X  AB  -  Wi  X  DB  +  (Wj  +  W)  CB  +  W3  X  EB. 

Substituting  values,  we  get : — 

Rj  X  20  =  5  X  16  +  (10  +  20)  X  10+  15  X  4  =  440  (cwt-ft.), 

440 
20 


Bi- 


=  22  owts. 


Now,  we  can  either  take  moments  about  A^  and  find  Rj  in  the 
same  waj  as  we  have  found  IL  ;  or,  we  may  make  use  of  our 
knowledge  of  parallel  forces  (since  the  above  system  is  one  of 
parallel  forces)  and  get  B^  '^^^  latter  method-  is  the  simpler. 
Adopting  this  method,  we  get : — 


Ri  +  Rj  =  Wj  +  W, 


w  +  w. 


Or, 


+   w   +    .,3 
5  +  10  +  20  +  16  -  22  (cwts.) 
28cwt8. 


Couples. — ^We  shall  now  show  that  all  questions  relating  to 
turning  forces  are  really  questions  involving  couples  compounded 
with  single  forces. 

Definition. — ^A  Couple  is  a  system  of  two  equal  and  oppositely 
directed  parallel  forces,  whose  lines  of  action  do  not  ooincide. 

Definition.— The  Arm  of  a  couple  is  the  perpendicular  dis- 
tancd  between  the  two  equal  forces. 

Definition. — The  Moment  of  a  couple  is  the  product  of  one 

of  the  equal  forces  into  the 
aim. 

Thus,  if  a  body  be  acted 
on  by  two  equal  and  op- 
posite parallel  forces,  F,  P, 
whose  points  of  application 
are  A  and  B  respectively, 
then  these  forces  consti- 
tute a  Couple.  If  M  N  be 
drawn  j.  to  A  P  and  B  P, 
then  the  length  of  this 
perpendicular  is  called  the 
Arm  of  the  Couple,  and  the 
Moment  of  the  Couple  = 
P  X  M  N. 

From  an  inspection  of  the  figure  it  will. be  seen  that  the  effect 
of  a  couple  acting  on  a  body  is  to  produce  rotation.     A  couple 


MOMKNT  OF  A  COUPUL 
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has  no  effect  in  producing  translation  of  the  body  on  which 
it  acts. 

We  shall  now   prove  the  following  important  Propositions 
regarding  couples. 

Proposition  I. — The  Algebraic  Sum  of  the  Moments  of  the  two 
forces  of  a  couple  about  any 
point  in  their  plane  is  con-  ^ 

stant ;  or  in  other  words, 

The  Moment  of  a  Couple 
about  any  point  in  its  plane    |^ 
is  constant 

Let  Pj,  Pg  be  the  equal 
forces  constituting  the 
couple    and     O     be    any 

lH)int  in  the  plane  of  the       mombkt  or  a  Coupm  about  a  Point. 
couple. 

From  O,  drop  the  perpendicular  O  N  M  on  the  lines  of  action 
of  Pi  and  Pj. 


N 


^O 


Then, 

Moment  of  Pj  about  0  =  P^  x  0  M. 

And, 

P,        „       ^-PgxON. 

• 
•  • 

Moment  of  Couple  abont  0  «  p^  x  0  M  -  P,  x  0  N. 

f.«.. 

„                  „      =  Pj  X  M  N. 

But  Pj  X  M  N  is  clearly  a  constant  quantity.  It  is,  in  fact, 
what  we  have  already  defined  as  the  Moment  of  the  Couple, 
Hence,  we  see  that  the  moment  of  a  couple  about  any  point  in 
its  plane,  is  independent  of  the  position  of  that  point  with  respect 
to  the  couple. 

Remembering,  then,  that  a  couple  has  no  translatory  effect  on 
the  body  on  which  it  acts,  and  that  its  rotatory  effect  is  measured 
by  its  moment,  we  at  once  obtain  the  following  corollaries  from 
the  above  Proposition  : — 

(1)  A  Couple  may  be  considered  as  acting  anywhere  in  its  own 
plane. 

(2)  A  Couple  may  be  replaced  by  another  of  equal  moment  and 
sign  and  acting  in  the  same  plane. 

(3)  The  Resultant  of  two  or  more  Couples  acting  in  the  same 
plane,  is  a  couple  whose  moment  is  equal  to  the  algebraic  sum  of 
the  moments  of  the  component  couples.* 

*  Independent  proofs  of  these  propositions  are  usually  given  in  books  on 
Theoretical  Mechanics. 
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Proposition  II. — ^A  force  acting  on  a  rigid  body  can  always 
be  replaced  by  an  equal  force  acting  at  any  given  point  together 
with  a  conple. 

Let  P  be  a  force  acting  at  the  point,  A,  in  a  rigid  body,  and 

let  O  be  the  given  |>oint. 
At  O,  introduce  two  opposite  forces,  P^  and  P^,  each  equal  to 

P,  and  having  their  line  of  action,  P^  O  Pj,  parallel  to  A  P. 
Then,  obviously,  the  introduction  of  these  two  equal  and 

opposite  forces  at  O  will  not  affect  the  action  of  P  at  A.     We 

have  now  a  system  of  three  forces  acting  on  the  body,  which  is 

equivalent  to  the  single 
force,  P,  at  A.  But,  clearly, 
two  forces  of  this  system — 
viz.,  P  and  P^ — constitute 
a  couple,  the  moment  of 
which  is  P  X  ON.  Tlie 
action  of  this  couple  is 
simply  to  produce  rotation 
of  the  body.  The  remain- 
ing  force,  P,,  is  that  part 
of  the  system  which  pro- 
duces or  tends  to  produce 
translation.  The  magni- 
tude and  direction  of  P^ 
are    always    equal   and 

parallel,  respectively,  to  those  of  the  original  force,  P. 

If  O  represents  the  intersection  of  the  plane  of  the  forcea 

with  an  axis  round  which  the  body  is  free  to  turn,  then  the 

moment  =  P  x  O  K,  and  the  transverse  pressure  on  the  axia 

is  Pa  =  P. 

Proposition  III. — A  force  and  a  couple  acting  in  the  same 
plane  are  equivalent  to  or,  may  be  replaced  by,  a  single  force 
in  that  plane. 

This  is  the  converse  of  Proposition  II,,  and  might  have  been 
assumed  here  without  proof;  but  we  prefer  giving  a  proof  since  it 
exhibits  a  method  or  process  of  reasoning  useful  for  other  purposes. 

Let  a  force,  P,  and  a  couple  whose  moment  is  Q  x  g,  act  in  the 
same  plane  on  a  rigid  body. 

Replace  this  couple  by  another  of  equal  moment  and  similar 
in  sense,  and  having  its  forces  each  equal  to  P,  the  given  force. 
[See  Oors.  (1)  and  (2),  Prop.  I.] 

Let  the  arm  of  this  new  couple  be  p.    Then  we  must  have  :— 

P  X  ^  =  Q  X  ^. 


A  FoROB  Rbplaoed  bt  a  Forck 

AND  A  COUPLK. 


Or, 


P  = 


Qx  q 


A  FORGE  AND  A  COUPLE  REPLACED  BY  A  FORCE. 
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Now,  rotate  this  new  couple  in  its  plane  into  such  a  position 
that  one  of  its  forces  acts  along  the  same  line  as  the  given  force 
P  at  A,  but  having  its  direction  opposite  to  that  of  P.  [See  Cor. 
(1)  Prop.  I.,  and  right  hand  fig.  below].  We  have  then  a  system 
of  three  equal  forces,  two  of  which — viz.,  P,  Pj  at  A — neutralise 
each  other,  and  then  we  are  left  with  the  single  force  Pj,  acting 
along  a  line  B  Pg  parallel  to  A  P,  and  at  a  distance  p  from  it, 
such  that  p  =  qQ/T. 

Several  important  applications  of  the  preceding  propositions 
will  be  met  with  throughout  the  present  treatise. 


A 


R 


A 


ij 


A  FOBOK  AND  ▲  COUPLK  RbPIAOXD  BT  A  FOBCl^ 

Example  II.  ~  A  uniform  platform,  AC,  turning  about  a  hinge 
at  A,  is  kept  in  a  horizontal  position  by  means  of  a  chain,  C  H, 
fixed  to  a  hook,  H,  in  the  wall  vertically  over  A.  A  barrel 
weighing  6  cwts.  is  placed  on  the  platform  at  R  Determine  the 
tension  in  the  chain,  and  the  magnitude  and  direction  of  the 
reaction  at  the  hinge.  A;  given  weight  of  platform  =  2  cwts., 
A  C  =  6  feet,  A  B  »  5  feet,  and  A  H  »  8  feet 

Answer. — (1)  To  find  T  tJie  tension  in  the  cluiin,  C  H. 

From  A  drop  the  perpendicular  A  N  on  C  H.     Take  moments 
about  the  hinge.  A,  so  as  to  eliminate  the  reaction  at  that  point 
Then,  by  the  Principle  of  Moments,  we  get : — 

TxAN=WxAB+wxAG 


>»      }) 


6x5  +  2x3==  36  cwt-ft 
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T  =    Axfcwt 

A  N 


(1) 


We  have  now  to  determine  the  length  of  A  N  in  feet. 
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The  easiest  way  to  find  this,  is  to  express  the  area  of  the 
right  angled  triangle,  A  OH,  in  two  ways,  and  then  equate  these» 


7/  ' 

.^ 

^ 

/o 

>'  ^ 

^•« 

< tf/f. — 

To  Illvstbatb  the  Tension  in  the  Chain  and  the  Reaotioii 

AT  the  Platform  Hinob. 


Thus, 

Area  A  A  0  H  =  J  (C  H  x  A  N). 

Also, 

„      =  J  (A  0  X  A  H). 

• 
•  ■ 

i(OH  X  AN)  =  J(AO  X  AH). 

t.d., 

.  T^      AC  X  AH 

^^^         CH        • 

Or. 

_^  6  X  8  _    48 

») 


OH 


OH 


.    (^) 


But, 

Or, 

From 

eqn. 

(2) 

And| 

i> 

(1) 

CH=»  VAC«  +  AH«. 
»,      =   V  62  +  82  =  10  ft. 


AN  « 


T  = 


J-5=4.8ft. 


36 
4-8 


=  7-5  cwts. 
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(2)  To  find  the  reacHon  at  the  hinge^  A. 

Resolye  the  tensioOy  T,  in  the  chain,  0  H,  into  two  components, 
Tiz.,  one  along  C  A  and  the  other  perpendicular  to  C  A. 

Let  Ta  b  horizontal  component  of  T 
„    T,  «  vertical        „  „ 

Then,  T*  =  T  cos  .c^::  H  0  A 

„   =  7-5  X  --  =  4-5  cwts. 

AUo,  T„  =  T  sin  .^  H  0  A 

< 

„  =■  7*5  X  y-  =  6  cwts. 

Now,  let  R  denote  the  reaction  of  the  hinge  at  A,  and  let 
Rai  R«  represent  the  horizontal  and  vertical  components  of  R. 
Then  since  the  only  horizontal  forces  acting  on  the  platform  are 
Ra  and  Ta,  these  must  be  equal  and  act  in  opposite  directions. 


•  • 


Ra  »  Ta  »  4*5  cwts. 

Again,  R^,  T«,  W,  and  w  constitute  a  system  of  parallel 
forces  in  equilibrium. 

Rt  +  T,  =  W  +  w 

Rr  =  6  +  2-6«2  cwts. 
But,  R«  =  Rj  +  RJ 

».«.,  R«  =  4-52  +  22  =  24-25 

B  =   V  24-25  =  4-92  cwts. 

(3)  To  find  the  directum  of  the  retictum,  R. 

Since  Ra  acts  from  A  to  0,  and  Rp  acts  vertically  upwards, 
it  at  once  follows  that  the  direction  of  R  lies  along  some  ,line 
between  A  0  and  AH. 

Let  r  denote  the  length  of  the  perpendicular  from  C  upon  the 
line  of  action  of  R.  Then,  taking  moments  about  0,  we  get  by 
the  Principle  of  Moments : — 

R  X  r  «  W  X  C  B  +  to  X  0  G 
Or,  4-92  xr  =  6xl+2x3  =  12  cwt-ft. 
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To  set  out  the  line  of  action  of  B  we  may  proceed  thus: — 
With  centre,  C,  and  radius,  r  =  2-43  ft.  draw  an  arc  of  a  circle 
above  line  A  0.  From  A  draw  a  tangent  to  this  arc.  Then  the 
direction  of  the  reaction  is  along  this  tangent. 

^ote.— When  the  stadent  hM  Btudied  the  Lectnret  on  the  Oraphical 
Methods  of  determining  the  streBses  in  jitractnres  he  Bhoold  retnm  to  this 
problem,  and  determine  graphically  the  tension  in  the  chain,  C  H,  and  the 
magnitude  and  direction  of  the  reaction  of  the  hinge  at  A. 

Work  Done  by  Taming  Efforts  and  Couples. — ^We  are  now  in 
a  position,  to  be  able  to  find  the  work  done  by  turning  forces 
and  couples,  and  to  construct  the  diagrams  of  work  done  by 
such  efforts. 

Oase  I. —  Work  Done  by  Uniform  Moments, — Let  O  be  a  point 
in  the  plane  of  the  turning  or  twisting  effort,  P,  round  which 
the  body  is  rotating. 

Then,        Moment  of  P  about  0-M«P  x  O  N  ^Pn 


Uniform  Moment. 

Let  the  body  make  n  complete  turns. 

Then,  Displacement  of  P  ==  2 t rn 

/.     Work  done  by  P  =  P  x  2«'^n  =  Pr  x  2xn  =  M  x  2xn. 

But  27^  is  the  circular  measure  of  the  angle  turned  through 
by  the  effort,  P. 

Let  ^  denote  this  angle — i.e,,  let  ^»=  2  7r», 


Then, 


Work  done  by  moment,  M,  dor- 1^4 
ing  angular  displacement,  ^  j  "      ^' 


(1) 


Now  we  have  already  seen  that  every  turning  effort  may  be 
regarded  as  equivalent  to  a  couple  of  equal  moment  to  the  effort 
and  a  force  equal  and  parallel  to  the  effort  acting  at  the  point  O. 
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For  tbe  iireBcnt  we  are  only  concerned  with  the  turning  effect 
of  the  effort  or  couple ;  hence,  if  a  bodf  is  rotated  by  a  couple 
«f  momeot,  M,  through  an  angular  displacement,  I : — 

Then,  Woi^  donfl  by  GDaple  =  H  «, (2) 

Where,  6-2rn. 

Diagram  of  Work  Done  by  a  Conple  of  Uniform  Moment— From 
equations  (1)  and  (2)  it  will  be  seen,  that  the  quantity,  $,  or  2  vn, 
haa  the  same  relation  to  the  equation  for  the  work  done  by  a 
ixinple,  that  L  had  in  the  previous  expressionB  (F  x  L)  for  the 
work  done  by  a  force ;  only,  that  here  I  represents  an  angular 
displacement  while  in  the  previous  case  L  represented  a  Unear 
displacement.      And,  just 
as  we  can  construct  a  dia- 
gram of  work  for  linear 
displacements,  so  also,  can 
we  construct  a  Himilar  dia- 
gram of  work  for  angular 
dis^a  cem  ents. 

Hence,  draw  two  rect- 
smgnlaraxes,ofc,  oy.  Set 
off  0  A  to  represent  the 

turning  moment,  M,  and      u^ a^x-n-ii, m 

OB     to     represent    the 
angular  displacement,  i. 

Then,  if  the  moment  of 
the  conple  be  uniform,  the  area  of  the  rectangle  O  A  0  B  repre- 
sents the  work  done. 

i.A,  Work  Done  -  Area  O  A  C  B  -  M  «. 

Cask  II. —  Work  Done  by  a  Couple  of  Variable  Moment. — If 
we  wind  up  a  flat  spring  (such  as  the  main  spring  of  a  watch 
or  clock)  or  twist  a  helical  spring  or  a  wire  or  shaft  by  an  effort 
in  a  plane  perpendicular  to  its  axis,  the  twisting  moment  re- 
quired is  proportional  to  the  angle  of  twist  within  certain 
limita.    ThiB  law  may  be  stated  briefly,  thus: — 

Hoc  J. 

We  can  prove,  as  in  Lecture  I.,  that  the  diagram  of  work  for 
such  cases  as  the  above  will  be  a  triangle  or  a  trapexoid  accord- 
ing as  the  spring  or  shaft  is  in  a  neutrsJ  or  initial  state  of  stress 
when  we  begin  to  further  twist  or  untwist  it. 
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Thus,  let  the  material  be  in  an  unstressed  condition  to  begin 
with ;  and  let  M^  be  the  twisting  moment  corresponding  to  the 


Diagram  ot  Work  fob  a  Variable  Momsmt. 

angle  of  twist,  tf,*    Then,  for  any  other  angle  of  twist,  I,  we 
get  the  corresponding  twisting  moment,  M,  from  the  proportion 


M:M< 


0:li. 


Hence,  if  A  B,  AH,  and  B  C  represent  &^  ^,  and  M^  respec- 
tively, we  see  that  M  will  be  represented  by  the  ordinate  H  K. 
For,  obviously, 


HK  :  BO  =  AH  :  AB  =  tf  :  A 


«• 


/•  H  K  represents  the  twisting  moment  for  angle  of  twist,  i, 
to  the  same  scale  that  B  0  represent  M^. 

Hence,       Work  chne  in  hoisting    )  ^  Araa.  AABOalM^ 
matericU  through  angle,  tf  J  ™  "  »        • 

If  the  initial  and  final  angles  of  twist  be  tf^  and  tf^  respectively, 
then 

Work  done  in  twisting  material  \        j       -pk  -d  n  v 
through  angle  ($,-0^  /  "  ^^««  »BOE 

The  Fusee. — As  an  illustration  of  the  manner  in  which  the 
variable  twisting  moment  of  a  coiled  spring  may  be  compensated, 
and  thus  secure  a  uniform  turning  effort,  we  may  instance  the 
case  of  the  Jvsee  as  adopted  in  many  watches,  clocks,  and 
chronometers.  In  such  cases,  the  driving  of  the  works  at  a  con- 
stant  rate  is  the  object  aimed  at,  and  this  naturally  requires  a 
constant  turning  effort  in  the  wheel  work,  this  effort  being  just 
sufficient  to  overcome  the  frictional  and  other  resistances  offered 
by  the  mechanism.     Now,  one  of  the  most  compact  and  con- 
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▼enient  pieces  of  mecbaniam  into  which  mwhanical  energy  oau 
be  stored  it  tbat  of  a  coiled  spring,  and  since  the  veiy  natnre  of 
the  spring  is  such,  that  ita  moment  decreases  as  it  uncoils,  wemnst 
employ  some  compensating  device  between  this  Taiiable  driving 
force  and  the  constant  resistance.  The  fusee  does  this  in  a  most 
accurate  and  complete  manner.  Looking  at  the  accompanying 
figures  and  index  to  parts,  we  see  that  tha  barrel,  B,  which  oon- 


Tbb  Pcsbb  roB  A  Clock  oa  Waioh. 

Ihdkz  to  Paris. 
B  ravNMDts  BarreL 
F         „         Puwe. 
BW         „         It»tc)iet  whMl. 

tains  the  watch  or  dock  spring,  is  of  nniform  diameter,  and  that 
between  the  outside  of  this  barrel  and  the  ftisee,  or  B|>irall7 
grooved  cone,  there  passes  a  cord  or  chain.  When  the  winding 
key  is  applied  to  the  winding  square,  WS,  and  turned  in  the 
proper  direction,  a  tension  is  applied  to  the  cord,  and  it  is  wound 
upon  the  spiral  cone,  thus  coiling  up  the  spring  inside  the 
barrel,  B ;  for  the  outer  end  of  this  spring  is  fixed  to  the  peri- 
phery of  the  barrel,  and  the  inner  end  to  its  spindle  or  axle. 
When  the  spring  is  fully  wound  up  it  exerts  the  greatest  force, 
bnt  it  acts  at  the  least  lever^e,  since  the  cord  is  on  the  groove 
of  least  diameter.  When  the  spring  is  almost  uncoiled  it  actA 
ab  the  greatest  leverage,  for  then  the  cord  is  on  the  groove 
of  largest  diamoter.     Cooseqaentlj,  tha  radii  of  the  grooves 
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of  this  cone  are  made  to  increase  in  proportion  as  the  force 
applied  to  the  cord  decreases,  in  order  that  there  shall  he  a 
-constant  turning  effort  on  the  works  of  the  cluck  or  watch. 

Correct  Form  to  be  given  to  the  Fnsee  Curve. — ^We  shall  now 
■show  that  the  true  form  of  the  fusee  curve  is  that  of  a  rectangular 
hyperbola  for  equalising  the  effect  of  a  spring  of  uniform  elas- 
ticity, and  when  neglecting  the  other  connections. 

Let  A  B  0  D  be  the  diagram  of  work  for  the  spring  inside 
the  baiTel,  B.  Then,  from  what  has  been  said  above,  A  B  C  D 
will  be  a  trapezoid. 

Let  B  C  represent  P,  the  force  which  the  spring  (ins  de  the 
i)arrel)  exerts  on  the  cord  or  chain  when  it  is  fully  wound  up. 


DiAORAH  or  Work,  Ac,  for  thb  Fctseb. 

Similarly,  let  G  H  represent  j»,  the  tension  in  the  cord  or  chain 
^t  any  other  instant. 

Let  the  ordinates  E  B,  K  G,  and  FA,  represent  the  several  radii 
at  which  the  cord  acts  on  the  fusee.  Then  E  K  F  will  be  the  curve 
required  to  be  given  to  the  fusee.  Thus,  BE  represents  the 
radius  at  which  the  tension,  P,  in  the  cord  acts  when  the  spring 


CORRECT  FORM  OF  THE  FUSEE.  45- 

inside  B  is  completely  wound  up.    Similarly,  G  K  represents  th» 
raxlius  of  the  fusee  corresponding  to  the  tension,  />,  in  the  oord. 

Produce  C  D  till  it  meets  B  A  at  O.     Take  O  as  the  origin. 
Let  O  G  =  a:,  G  K  =  y,  and  O  B  =  6. 

Then,  if  we  have  a  constant  twisting  moment  acting  on  the 
fusee  spindle : — 

p  X  y  »  tL  constant  (m)        .        .         >     i^)* 
But,  p  :  P  =  a;  ;  6 


•  • 


p  sz  ^x  =  nx 

0 


p 

Where  n  =  --  =  a  constant 

6 

Substituting  this  value  for/?  in  equation  (1)  we  get : — 

n  xy  =  m 

Or,  X  y  =  —  B  a  constant. 

n 

But  this  is  the  equation  for  a  rectangular  hyperbola  referred  to- 
the  axes  O  X,  O  Y  which  are  its  asymptotes.  We  have  met  with 
this  curve  before  when  treating  of  the  expansion  or  compression 
of  gases  according  to  Boyle's  law. 

In  practice,  the  fusee  is  made  as  nearly  as  possible  to  this- 
shape.  Then  the  fusee  and  spring  are  connected,  as  shown  by 
the  figures  on  page  43,  and  tested  by  fixing  an  L-shaped  lever 
(with  an  adjustable  weight  on  the  long  arm  of  this  adjusting 
rod)  to  the  winding  square,  W  S,  and  finding  whether  the  ten- 
sion in  the  cord  or  chain  (as  due  to  the  spring  enclosed  in  B) 
is  balanced  in  every  position  by  the  same  turning  effort  on 
the  lever. 

Should  the  turning  moment  of  the  combined  spring  and  fusee 
be  thus  found  to  be  greater  when  the  spring  is  fully  wound  up 
than  when  it  is  nearly  run  down,  the  initial  tension  of  the 
spring  is  too  great.  To  lessen  this,  the  ratchet  wheel,  R  W,  is 
eased  back  a  tooth  or  two,  the  cord  readjusted,  and  the  above 
experiment  repeated  until  the  nearest  approach  is  arrived  at  to^ 
a  uniform  turning  effort  on  the  works  of  the  timepiece. 
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liBOTlTJlX  III.— QUBSnONH. 

1.  Define  the  moment  of  a  force  with  respect  to  a  point.  When  is  a 
moment  reckoned  positive  and  when  negative?  Draw  an  equilateral 
triangle,  ABC,  and  suppose  each  side  to  be  4  feet  long.  A  force  of  8 
units  acts  from  A  to  B,  and  a  force  of  10  units  from  C  to  A.  (a)  Find  the 
moment  of  each  force  with  respect  to  the  middle  point  of  B  C ;  (6)  Find 
A  point  with  respect  to  which  the  forces  have  equal  moments  of  opposite 
fligns.     Ana,  (a)  18  V 3;  (b)  Any  point  on  the  resultant. 

2.  State  the  principle  of  moments  and  hence  show  that  the  moments  of 
two  forces  about  any  point  in  their  resultant  are  equal  and  opposite.  A 
rod  is  supported  horizontally  on  two  points,  A  and  B,  12  feet  apart. 
Between  A  and  B  points  G  and  D  are  taken  such  that  A  C  =B  D  =  3  feet. 
A  weight  of  120  lbs.  is  hung  at  C,  and  a  weight  of  240  Ibe  at  D.  Take  a 
point  O  midway  between  A  and  B  and  find  with  respect  to  0  the 
algebraic  sum  of  the  moments  of  the  forces  acting  on  the  rod  on  one  side 
of  O.     (You  may  neglect  the  weight  of  the  rod.)    Ans,  540  ft. -lbs. 

3.  In  a  blowing  engine  of  the  overhead  beam  construction  the  area  of 
the  steam  piston  is  2,712  square  inches,  and  the  mean  pressure  of  the 
steam  is  30  lbs.,  while  the  area  of  the  piston  of  the  blowing  cylinder  is 
16,272  square  inches.  The  leverage  of  the  working  beam  is  as  15  on  the 
steam  side  to  20  on  the  opposite  side ;  what  is  the  pressure  of  the  air  as  it 
leaves  the  blowing  cylinder?    Ana,  3*75  lbs.  per  square  inch. 

4.  A  safety  valve,  3  inches  in  diameter,  is  held  down  by  a  lever  and 
weight.  The  distance  from  the  fulcrum  to  the  pin  of  the  valve  is  6  inches. 
Weight  of  valve  5  lbs.  Weight  of  lever  15  lbs.  Distance  from  fulcrum 
to*  centre  of  gravity  of  lever  16  inches.  Find  where  a  weight  of  60  lbs. 
must  be  placed  on  the  lever  so  that  the  steam  may  blow  off  at  a  pressure 
of  56  lbs.  per  square  inch.     Ans.  35 '1  inches  from  fulcrum. 

5.  Define  a  couple,  its  arm,  and  its  moment.  Show  that  two  couples, 
whose  moments  are  equal  and  of  opposite  signs,  are  in  equilibrium  when 
they  act  in  the  same  plane  on  a  rigid  body.  If  forces  act  from  A  to  B, 
B  to  C,  and  C  to  A,  along  the  sides  of  a  triangle,  ABC,  and  are  pro- 
portional to  the  sides  along  which  they  respectively  act,  show  that  they 
«re  equivalent  to  a  couple. 

6.  Show  that  a  force  acting  at  a  given  point  A,  may  be  replaced  bv  an 
•equal  parallel  force  acting  at  any  other  point  B,  and  a  couple  whose 
moment  equals  moment  of  original  force  about  B. 

7.  Find  the  resultant  of  a  n>rce  and  a  couple  acting  in  the  same  plane. 
Draw  a  square,  A  B  C  D,  and  its  diagonal,  A  C.  Two  forces  of  10  lbs. 
•each  act  from  A  to  B  and  from  C  to  D  respectively,  forming  a  couple. 
A  third  force  of  15  lbs.  acts  from  C  to  A.  Find  their  resultant,  and  show 
in  a  diagram  exactly  how  it  acts.     Ana.  K  =  15  lbs. 

8.  State  the  principle  of  moments,  and  apply  it  to  the  solution  of  the 
following  question : — A  B,  A  C  are  sheer  poles  secured  to  a  base  plate  in 
the  ground  at  B  and  C,  and  held  in  ]^ition  by  a  wire  guy  or  tension  rope, 
A  £,  attached  to  the  ground  at  £,  D  is  the  middle  point  of  the  line  joinmg 
B  and  C,  and  B  C  is  perpendicular  to  E  D.  Given  A  B  =  A  C  =  25  feet; 
BC  =  14  feet ;  D  E  =  40  feet ;  A  E  =  55  feet.  Find  tension  in  the  guy 
rope  when  a  weight  of  20  tons  is  suspended  from  A.     Ana.  \S'^  tons. 

9.  Explain,  with  a  sketch,  the  use  of  a  fusee  in  equalising  the  variable 
force  of  a  spring  coiled  within  the  barrel  of  a  watch.  Find  Sie  theoretical 
form  to  be  given  to  the  curve  of  the  fusee. 
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10.  A  safety  yalre,  34  incheB  in  diameter,  is  held  down  by  a  lever  and 
cprin^.  The  arrangement  has  to  be  so  constructed  that  each  pound  of 
aidditional  pressure  per  square  inch  on  the  valve  will  be  registered  as  such 
on  the  spring  at  the  end  of  the  lever.  Neglecting  the  weights  of  the  lever 
and  valve,  you  are  to  determine  the  relative  distances  of  spring  and  valve 
from  the  fulcrum  of  the  lever.  After  the  valve  has  been  set,  determine 
the  additional  pressure  per  square  inch  which  will  be  necessary  to  lift  the 
valve  -f^  inch,  the  spring  requiring  a  force  of  10  lbs.  to  extend  it  1  inch. 
You  may  neglect  the  weights  of  the  lever,  valve,  and  spring.  Sketch 
the  arrangement    Ana,  9'o25 :  1;  482  lbs. 


48  MOTES  ON  LECTURE   III.   AND   QUESTIONS. 
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LECTURE  IV, 

Contents. — Principle  of  Work — Principle  of  the  Conserration  of  Energy — 
Definition  of  Eaeray — Useful  and  Lost  Work  in  Machinery— Proposi- 
tion—Principle  of  Work  Applied  to  Machines —Definition  of  Efficiency 
— Object  of  a  Machine — Definition  of  a  Machine — Simple  or  Elementary 
Machines  —  Force  Ratio — Velocity  Ratio — Mechanical  Advantage  — 
Relations  between  the  Advantage,  Velocity  Ratio,  and  Efficiency  of  a 
Machine — Examples  I.  and  II. — Questions. 

Before  taking  up  the  subject  of  simple  machines  we  shall  give 
a  brief  statement  of  another  important  principle  in  Mechanics 
known  as  the  "  principle  of  work." 

Principle  of  Work.  —  If  a  body  or  system  of  bodies  be  in 
equilibrium  under  the  action  of  any  number  of  forces,  and  receive 
a  small  displacement,  the  algebraical  sum  of  the  work  done  by  all 
the  forces  is  zero. 

Conversely.  —  If  the  work  done  be  zero,  the  forces  are  in 
equilibrium. 

We  may  verify  the  truth  of  the  principle  of  work  by  assuming 
the  principle  of  moments,  or  the  principle  of  the  parallelogram 
of  forces,  &c,;  or,  conversely;  having  assumed  the  principle  of 
work  we  can  verify  the  truth  of  the  principle  of  moments,  or  the 
principle  of  the  parallelogram  of  forces.  After  all,  the  principle 
of  work  is  only  a  particular  case  of  the  more  general  principle 
called  the  Principle  of  the  Conservation  of  Energy,  which  is  now 
universally  accepted  by  all  scientists,  and  may  be  stated  thus: — 

Principle  of  the  Conservation  of  Energy. — The  total  energy  of 
any  material  system  is  a  quantity  which  can  neither  be  increased 
nor  diminished  by  any  action  between  the  parts  of  the  system, 
though  it  may  be  transformed  into  any  of  Uie  forms  of  which 
energy  is  susceptible.    {Clerk  Maxwdl) 

Definition. — Energy  confers  upon  a  body  possessing  it  the 
ability  to  do  work. 

The  principle  of  the  conservation  of  energy,  therefore,  asserts 
that  there  can  be  no  increase  or  decrease  in  the  energy  of  any 
system  without  an  equivalent  loss  or  gain  of  enei-gy  in  some 
other  system.  If  in  any  isolated  system  there  be  an  increase  in 
one  form  of  energy  this  can  only  happen  at  the  expense  of  some 
of  the  other  forms  of  energy  in  the  system. 

4 


50  LECTURE  IV. 

Hence,  the  total  energy  in  the  UniverBe  is  a  constant  quantity. 

We  may  change  energy  of  one  form  into  that  of  another,  but 
we  can  never  change  the  total  amount 

Useftil  and  Lost  WorlL  in  Machineiy. — In  the  case  of  machines, 
it  is  true,  that  the  useful  work  is  much  less  than  the  work  put 
into  the  machine.  A  part  of  the  total  energy  exerted  is  rendered 
unavailable  for  useful  work,  this  part  being  employed  in  over- 
coming the  friction  at  the  rubbing  surfaces;  by  setting  up 
vibrations  in  the  machinery,  i&c.;  and  these  reappear  in  the 
forms  of  heat  and  sound  energy,  d^c.  The  energy  thus  mis-spent 
is  a  direct  loss  to  the  engineer,  and  he  has  to  contrive  means 
for  its  reduction;  although,  he  can  never  hope  to  entirely 
eliminate  it. 

Since  the  student  is  still  expected  to  give  a  demonstration  or 
verification  of  the  Principle  of  Work;  when,  say,  the  truth  of 
the  Principle  of  Moments  is  assumed,  we  herewith  give  such  a 
demonstration  in  its  usual  form  as  it  appears  in  most  works  on 
this  subject 

Pbopobitiok. — To  verier  the  truth  of  the  Principle  of  Work 
by  assuming  the  truth  of  the  Principle  of  Moments. 


Yp 

Pbikoiplx  ov  Work  and  or  Moicsmts. 

Let  A  F  B  be  a  rigid  lever  capable  of  turning  about  a  fulcrum 
at  F.  Let  forces  P  and  W  act  at  the  extremities  A  and  B 
respectively.  Let  the  three  forces,  P,  W,  and  the  reaction  at  P, 
be  a  system  of  forces  in  equilibrium. 

Then,  by  the  Principle  of  Moments,  we  have : — 

P  X  AF  =  W  X  BF 
Or,  P:W  =  BF:AF (1) 

Now,  conceive  the  system  to  receive  a  small  displacement, 
the  forces  being  still  in  equilibrium.  For  this  displacement  it 
is  best  to  conceive  the  lever  tilted  through  a  very  small  angle  a, 
round  the  fulcrum,  F ;  its  new  position  being  A'  F  B'. 
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Then, 


WfyrkdonehyV    =  P  x  A'M 

„        „     W=  -(Wx  B'N) 
ToUd  work  done   =  P  x  A'  M  -  W  x  B'  N     .    .     (2) 

But,  from  the  similar  A',  N  F  B'  and  M  F  A',  we  get  :— 

B'N  :A'M  =  B'F:  A'F 
„     =BF:AF 
.•.  From  eqn.  (1),  B'  N  :  A'  M  =  P  :  W 

W  X  B'N  -  P  X  A'M 


•  • 


Hence,  from  eqn.  (2),  we  get:— 

Total  work  done  =  PxA'M-PxA'M  =  0. 

This  verifies  the  principle  as  stated  above. 

The  student  should  now  prove  in  a  similar  manner  the  con- 
verse statement,  and  also,  verify  the  truth  of  the  Principle  of 
Moments  by  assuming  the  Principle  of  Work, 

Principle  of  Work  Applied  to  Machines. — When  applied  to 
machines  the  Principle  of  Work  takes  the  form  : — 

Total  work  expended  =  Usefhl  work  done  +  Work  lost  in  the  machine. 
Or,       Work  put  in  «  Work  got  oat  4-  Lost  work. 

If  we  denote  these  three  quantities  by  W^  W^,  and  W^  re- 
spectively, we  can  write  the  above  equation  thus : — 

Wx  =  Wxj  +  W|, (I) 

Definition.— The  ratio  which  the  useftd  work  done  bears  to 
the  total  work  expended  is  called  the  efficiency  of  the  machine. 

i7iiin4i.no«      Useftd  work  done  W,y  .,j. 

Efficiency  =  .j,_^_^^^__j-^  "  W7   '    '   ^"^ 

The  efficiency  of  an  actual  machine  is  always  a  proper  fraction. 
The  efficiency  could  only  be  unity  in  the  case  of  a  perfect 
machine,  or  where  we  assume  the  entire  absence  of  frictional 
and  other  losses.  In  such  theoretical  cases  we  state  the  Principle 
of  Work  in  the  following  form  : — 

Total  work  expended  »  Useftd  work  done. 

Ollject  of  a  Machine. — The  object  of  a  machine  is  to  enable  us 
to  perform  work  of  various  kinds,  either  by  our  muscular  exer- 
tions or  by  utilising  the  forces  of  nature. 

We  may  define  a  machine  either  from  a  statical  or  from  a 
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kinemcUical  point  of  view.  Regarded  Statically,  it  is  an  instru- 
ment/or changing  the  mngnitudey  direction,  or  place  of  application 
of  a  given  force,  Einematically,  it  is  an  instrument /or  changing 
the  direction  or  the  velocity  of  a  given  motion^  or  boHi  direction  and 
velocity. 

Combining  these  two  statements,  we  get  the  following : — 

Definition. — A  machine  is  an  instroment,  or  combination  of 
movable  parts,  constracted  for  the  purpose  of  transmitting  and 
modifying,  in  varions  ways,  force  or  motion,  or  both  force  and 
motion. 

Or,  a  machine  may  be  defined  to  be  a  combination  of  resistant 
bodies  whose  relative  motions  are  completely  constrained,  and  by 
means  of  which  the  natnral  energies  at  our  disposal  may  be  trans- 
formed  into  any  special  form  of  work.    {Prof.  A.  B.  W.  Kennedy.} 

Simple  or  Elementary  Machines. — All  machines,  however  com- 
plicated, are  merely  combinations  of  two  or  more  of  the  following, 
mechanisms : — 

1.  The  Lever  and  Fulcrum.       4.  The  Inclined  Plane. 

2.  The  Pulley.  6.  The  Wedge. 

3.  The  Wheel  and  Axle.  6.  The  Screw. 

In  reality,  there  are  only  two  elementary  mechanisms  distinct 
in  principle — viz.,  the  Lever  and  the  Inclined  Plane.  The  Pulley 
and  the  Wheel  and  Axle  are  but  modifications  of  the  Lever ;. 
whilst  the  Wedge  and  the  Screw  are  but  particular  cases  of  the 
Inclined  Plane.* 

Force  Ratio — Velocity  Ratio — Mechanical  Advantage. — In  con- 
sidering any  machine  it  is  desirable  to  know  the  ratio  which 
the  applied  force  or  effort  bears  to  the  resistance  or  load  over- 
come. This  is  termed  the  Force  Ratio.  Also,  the  ratio  of  the 
velocities  of  the  points  of  application  of  the  effort  and  resistance. 
This  is  termed  the  Velocity  Ratio.  In  this  treatise  we  shall 
denote  the  applied  force  or  effort  by  P  or  Q  according  as  fric- 
tional  resistance  is  neglected  or  taken  into  account;  W  being 
the  resistance  or  load  in  both  cases. 

Then,  V^^  Theoretical  force  required  to  overcome  resistance,  W. 
And,      Q  =  ilciwaZ  „  „  „         W» 

Also,        Theoretical  Force  Ratio  =  ^ 

^} (HI) 

And,        Actual  Force  Ratio         =  ^ 

*  For  desoriptions,  Ac,  of  these  simple  mechanisms,  see  the  author'* 
Elementary  Manual  qf  Applied  Mechanics, 
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X^et  V  ■=  Velocity  of  the  point  of  application  of  the  eflbrt  P  or  Q. 
„      r  =        „  „  „  „      resistance,  W. 

^u  xr  ^    '^-D  u       Velocity  of  P  or  Q      V  ,,  „, 

Then,        Veloci^  Ratio  «  ^  ,    . /    ,  ^ — 5  =  —   .    .    .   (IV) 

'  Velocity  of  W  c;  ^     ^ 

Let   X  «  Displacement  of  the  point  of  application  of  P  or  Q. 
it     y  ~  »  >i  >>  "^  • 

Then,  in  a  giren  time  or  period  of  motion  of  the  machine,  it 
is  clear  that : — 

Velocity  of  P  or  Q  ^  Displacement  of  P  or  Q  in  a  given  time 
Velocity  of  W         ""  Displacement  of  W  in  the  same  time 

Or,  1  =  5    .     . 

w  1    -x.  n  XI       «       P  or  Q'b  displacement  ^ '    *    •   ^    / 
t.tf.,      Velocity  Ratio  =  -  =  ,^7— j.-- i — - — r 

'  y       W's  displacement 

The  reciprocal  of  the  force  ratio  is  usually  spoken  of  as  the 
Mechanical  Advantage  of  the  machine.'^     Hence : — 

Th        ti  ftl  ad       tair  -  ^^^^^^^^  overcome  _  W         .^-. 

^  ""  Theoretical  force  required  ~  P        '      ' 

.  .    ,    ,     ..  Resistance  overcome  W     .^^ttx 

Actual  advantage  .   .  =  ^-^ — r# ^—a  •   •  =  "t*^     (VH) 

^  Actnal  force  reqmred  Q      ^       ' 

Relations  between  the  Advantage,  Velocity  Ratio,  and  Efficiency 
of  a  Machine. — Neglecting  friction  and  applying  the  "  FrineijAe 
of  Work  "  to  any  machine,  we  get : — 

W  X  its  displacement  =  P  x  its  displacement. 

Or,  Wxy  ^Txx. 

W  ^  jf 

Or,  from  Equation  (V),      —  =  ~ 

i&,      Theoretical  Advantage  »  Velocity  Ratio. 

*  In  some  treatiflcs  on  Applied  Mechanics  the  force  rtUio  and  Mechanical 
Advantage  are  Bvnonymoiu  terms,  hnt,  since  in  many  problems  it  is  desir- 
able to  know  what  ratio  P  or  Q  bears  to  W,  we  have  chosen  the  former 
term  (force  ratio)  to  denote  either  of  these  ratios,  retaining  the  term 
"  advanlage  '*  in  its  original  sense,  to  denote  the  reciprocal  of  the  force  rcUio 
■or  the  ratio  of  the  load  overcome  to  the  force  required  to  overcome  it.  The 
term  Hypothetical  Mechanical  Advantage  is  sometimes  need  instead  of 
Theoretical  AdwuUagt, 
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Again,  in  any  machine  we  set : — 

Ufiefal  work  done  W  y 

Total  work  expended        Qx 

.  J  X  ^  from  Equation  (VIII). 


Efflciencf 


Q 

Theoretical  fores  to  oTBrcome  W 
'  Actual  force  to  overcome  W 


.(IX) 


EzAHFLK  I.  —  Determine  the  rela- 
tion between  P  and  W  in  Weston's 
differential  pulley  block — (1)  by   the 
Principle  of  Momenta,  (2)  by  the  Prin- 
ciple  of    Work.       The    radii    of  the 
pulleys  are  lit  inches  and  4^  inches. 
Taking  the  efficienoy  of  the  machine 
at  40  per   cent.,   find  the    effort    re- 
quired   on    the 
hauling  chain  in 
order  to  raise  a 
weight  of  j  ton. 
What     is     the 
actual  advan- 
tage in  this  ma- 
chine 1 

Answer. — Let 
R  and  r  denote 
the  radii  of  the 
larger  and 
smaller  pulleys 
reapeotively. 
Then  :— 

(1)  Since  the 
weight,  W,  is 
Bkblbton  Fiodbb  or  supported  by 
Wkston's  DcPKRiwruL  two  parts  of  the 
PcLLET  BwoK.  ohaiCit  is  clear 
that  the  tension  in  each  part  is  W/2. 
Considering  the  upper  or  differential 
pulley  we  see  that  it  is  acted  on  by 
three  forces  at  the  circumferences,  viz. : 
— The  tensions  in  the  two  parts  of  the 
chain  supporting  W,  and  the  pull,  P, 
idong  the  hauling  part  of  the  chain. 
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■ 

Taking  momeats  roond   the  centre  of  the  pulley  pin,  and 
'  applying  the  Principle  of  Moments,  we  get : — 

Or,  Px  R-^(R-r). 

W  "  TR"' 

(2)  Suppose  the  system  to  receive  such  a  displacement  that 
the  differential  pulley  makes  one  complete  turn,  W  being  raised 
during  the  operation.     Then : — 

The  displacement  ofP^xs  2irR 

One  part  of  the  chain  supporting  W  is  overhauled'  by  an 
amount  »  2  «"  R,  while  the  other  part  is  let  out  by  a  length 
=  2  irr.  The  weight,  W,  will,  therefore,  be  raised  by  an  amoi^nt 
equal  to  the  algebraical  mean  of  these  two  displacements  of  the 
supporting  chain. 

Or, 

Displacement  of  W  =  y  «  i(2«'R  -2«'r)  =  «(R  -  r). 
Hence,  by  the  Principle  of  Work,  we  get : — 

P«»Wy;   or.  ^  -  |. 

P       <r(R  -  r)      B  -  r 
••••'  W"      2-srR      "     2R  • 

This  is,  however,  the  same  result  as  before. 

„^  .  _  Useful  work  done        __  Wy       W       5  "  ^ 

J!.mcienoy  -  rp^^i  ^^^^  expendai  ""  Q^  "  "Q   ""  ~2  R  * 

In  the  example,  the  efficiency  =  40  per  cent.  -■  '4 :  W  =  560  Ibe, : 
R-4i';  r  =  4i'. 

560      41  -  4i      560       1 
Hence,  '*  "  "q"  ^  flTSj   =  "Q"  "  36' 

A  560  «^  i ,, 

Q  Bs  -i ^rx^  a  38*8  lbs. 

^      '4  X  36      *^«  *»*«»• 

A-^    1    ^      4  ^        W       560       14-4 
Actual  advantage  =  tt  =  — t  =  ^r- . 

Q       38  8        1 
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Example  IL — It  is  found  by  trial  that  when  P  is  on  the 
point  of  lifting  Q  by  means  of  a  single  fixed  pulley,  P  «  (1  +  m)  Q, 
where  m  is  a  fraction  depending  on  the  friction  of  the  parts 
of  the  machine.  If  three  such  pulleys  are  combined  into  "a 
block  and  tackle,"  find  the  effort  requisite  to  raise  a  given  weight 
by  means  of  it.     If  m  equals  0*2  so  that  an  effort  of  60  lbs. 

would  just  raise  a  weight  of  50  lbs.  in  a 
single  fixed  pulley,  find  the  number  of 
fb.-lbs.  of  work  done  against  friction,  when 
a  weight  of  1,000  lbs.  is  raised  20  ft.  by 
means  of  a  block  and  tackle  of  three  such 
pulleys.  (S.  and  A.  Adv  Theor.  Mechs. 
Exam.  1883.) 

Answer. — (1)  Let  the  figure  represent 
the  block  and  tackle  consisting  of  three 
pulleys  or  sheaves.  (In  this  figure  we 
have  drawn  the  pulleys  of  different  sizes 
for  the  purpose  of  showing  clearly  the 
various  ropes  and  exhibiting  the  forces). 

Let  P^  be  the  effort  required  to  raise  a 
given  weight,  W,  by  means  of  this  system 
of  blocks.  Let  Pg,  P3,  P4,  denote  the  ten- 
sions in  the  three  parts  of  the  rope  as 
shown. 

Then,  from  conditions  stated  in  question, 
we  get : — 

Pj  =  (1  +m)P2      .     .     .     (1) 

P2  =  (l  +m)P3      ...     (2) 

P3  =  (1  +  w)  P,      .     .     .     (3) 

Adding  together  the  corresponding  sides 
of  equations  (1),  (2),  and  (3),  we  get: — 


quxstion  on  thb 
Pullet  Block. 


+  P,  +  P,  =  (1  +  m)  (Pj  +  P,  +  PJ. 


91 


i.0., 


Pi 


=  P,  +  Pg  + 


P^  +  »»  (P,  + 
+  m  (Pj,  +  Pg  +  P4). 


P8  + 


P.). 


But,       Pj  +  Pg  +  P4  =  W. 


Pi  =  P^  +  »»  W 

Multiplying  together  equations  (1),  (2),  and  (3),  we  get: — 

Pj  P,  Pg  =  (1+  m)'  Pa  P,  P,. 
P,  =  (1  +  tnf  P^. 


(4) 


•   • 


Or, 


P*- 


(1  +  m)* 


Weston's  differential  pulley  block.  57 

Substituting  this  valuo  for  P^  in  equation  (4),  we  get : — 

Pi  =  — ^, +  mW. 
(1  +  m) 

Pj  {  (1  +  w)'  -  1  }  =  m(l  +  mfW. 
Or,  (w*  +  3  w'  +  3  w)  Pj  =  m  (  1  +  mf  W. 

t.tf.,  (m*  +  3  f»  +  3)  Pi  =  (1  +  w)' W.       \ 

Or  Pi  _      (1  ^  mf       \  >  (5) 

(2)  In  the  example  given,  m  -  0*2,  and   we  may  find  the 
effort,  Pj,  required  to  raise  a  weight,  W  =  1,000  lbs. 
From  equation  (5),  we  have : — 

p.  =  ._ — il3 X  1,000  lbs. 

0-2'  +  3x0-2  +  3 

„  =  ^'728x^1,000  ^  ^^^.,2  1^3 

When  W  rises  20  feet,  then  clearly  P^  will  be  displaced 
3  X  20  »  60  feet. 

Work  done  6y  P^  =  474*72  x  60  =  28,483-2  ft.-lbs. 

And,  Work  done  on  W  =  1,000  x  20  =  20,000  fL-lbs. 

«\  Work  done  against  friction  =  28,483-2  -  20,000  ^  8,483-2  ft-lbs. 

We  might  also  find  the  efficiency  of  this  machine. 

r,^.              Wy       m*+3m  +  3       1 
Efficiency  =  p-^  «   — -3—  x  ^ 

Where  x  =  displacement  of  P^,  and  y  =  corresponding  dis- 
placement of  W,  and  y  ix  =  1:3,  there  being  three  parts  of  rope 
supporting  W. 

Efficiency  -  „      f tog  =  7021  =  70-21  per  cent. 

Hence,  29*79  per  cent,  of  total  work  expended  is  lost  in 
friction. 
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Lbctubb  IV.— Questions. 

1.  State  the  principle  of  work,  and  apply  it  to  show  that  a  balanced 
lever  whose  arms  are  2  and'  3  will  remain  in  equilibrium  when  weij^liis 
which  are  as  3  and  2  are  suspended  at  its  ends. 

2.  Apply  the  principles  of  moments  and  of  work  in  determininfi^  the 
relation  between  i*  and  W  in  the  wheel  and  compound  axle.  A  wei^t  of 
20  lbs.  draws  up  W  lbs.  by  means  of  a  wheel  and  compound  axle.  The 
diameter  of  the  wheel  is  6  feet,  and  the  diameters  of^the  parts  of  the 
compound  axle  are  9  and  11  inches  respectively  ;  find  W.     Ana.  1,200  lbs. 

3.  A  compound  axle  consists  of  2  parts,  the  diameters  being  10  and  12 
inches  respectively,  and  a  rope  is  coiled  round  them  in  opposite  directions 
so  as  to  form  a  loop,  upon  which  hangs  a  pulley  loaded  to  48  lbs.  Con- 
sidering the  parts  of  the  rope  to  be  vertical,  find  the  force  which,  acting 
at  a  leverage  of  4  feet  upon  the  axle,  will  just  balance  the  weight.  Sketch 
the  arrangement.     Ana.  ^  lb. 

4.  In  a  compound  wheel  and  axle,  where  the  weight  hanes  on  a  single 
movable  pulley,  the  diameters  of  the  two  portions  of  the  axles  are  3  and  2 
inches  respectively,  and  the  lever  handle  which  rotates  the  axle  is  12  inches 
in  length.  If  a  force  of  10  lbs.  be  applied  to  the  end  of  the  lever  handle, 
what  weight  can  be  raised  ?     Ans.  480  lbs. 

6.  Define  the  terms  force  ratio  and  velocity  ratio  as  applied  to  machines. 
What  must  be  the  difference  in  the  diameters  of  a  compound  wheel  and 
axle  so  that  the  velocity  of  P  mav  be  100  times  that  of  W,  the  length  of 
the  handle  being  24  feet?    (8.  and  A.  Adv.  Exam.,  1887.)    Ana.  1*2  inches. 

6.  In  a  compound  wheel  and  axle,  let  the  diameter  of  the  large  axle  be 
6  inches,  and  that  of  the  smaller  axle  4  inches,  and  the  length  of  the  handle 
20  inches;  find  the  ratio  of  the  velocity  of  the  handle  to  that  of  the  weight 
raised.     Ana.  40  :  1. 

7.  Define  the  terms,  force  ratio,  velocity  ratio,  theoretical  and  actual 
advantages  and  efiiciency  of  a  machine.  A  tackle  c  nsists  of  two  blocks, 
each  weighing  10  lbs.  The  lower  or  movable  block  has  two  sheaves,  and 
the  upper  or  fixed  one  has  three  sheaves.  It  is  found  that  a  force  of  56  lbs. 
is  required  to  raise  a  weight  of  200  lbs.  suspended  from  the  hook  of  the 
lower  block.  Find  (1)  the  theoretical  advantage,  (2)  the  actual  advantage, 
(3)  the  efficiency  of  the  machine,  (4;  the  percentage  efficiency.  If  W  rises 
6  feet,  what  length  of  rope  must  be  hauled  in?  ^n«.  (1)  4'76  :  1;  (2) 
3-57  :  1 ;  (3)  '71 ;  (4)  71 ;  30  feet. 

8.  Describe  Weston's  differential  pulley.  If  the  weiffht  is  to  be  raised 
at  the  rate  of  5  feet  per  minute,  and  the  diameters  of  the  pulleys  of  the 
compound  sheave  are  7  and  8  inches  respectively,  at  what  rate  must  the 
chain  be  hauled  ?    (S.  and  A.  Adv.  Exam.  1888.)    Ans.  80  feet  per  minute. 

9.  State  and  explain  the  principle  of  the  conservation  of  energy  and  show 
that  the  principle  of  work  is  only  a  particular  case  of  this  general  principle. 

10.  State  the  principle  of  work  and  apply  it  to  determine  the  relation 
between  P  and  W  in  Weston's  differential  pulley  block.  In  such  a  block 
the  radii  of  the  pulleys  are  5  inches  and  44  inches  respectively.  Taking 
the  efficiency  of  the  machine  at  50  per  cent. ;  what  force  must  be  applied 
to  the  hauling  chain  in  order  to  raise  a  weight  of  1  ton?  What  is  the 
actual  advantage  in  this  machine?    Ana.  224  lbs. ;  10  :  1. 

11.  Explain  the  methods  which  you  would  adopt  to  find  the  mechanical 
advantage  and  efficiency  of  any  machine,  such  as  the  ordinary  block  and 
tackle,  or  a  Weston's  differential  block.  Having  found  the  theoretical 
pull  (P)  and  the  actual  pull  (Q)  required  to  raise  a  given  weight  (W),  what 
would  be  the  efficiency  of  the  machine  ?  Give  reasons  for  your  answer. 
Ana.  Efficiency  =  P/Q. 
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12.  Given  a  Weston's  pnlley  block,  show  how  we  find  the  velocity  ratio. 
How  would  you  experimentally  find  the  real  mechanical  advantage  ?  Doe» 
the  mechanical  advantage  depend  on  the  load  which  is  being  lifted,  and  if 
so,  in  what  way  ?    (S.  &  A.  Adv.  Exam.,  1897.) 

13.  Sketch  in  section,  and  describe  the  constmction  of  a  differential 

fnlley  block  working  with  an  endless  chain.  Why  with  sach  a  system  of 
looks  does  the  weight  remain  suspended  after  the  pull  has  been  taken  off 
the  chain  ?  Indicate  clearly  on  your  sketch  the  position  of  the  chain  on 
the  pulleys  and  the  snatch  block,  showing  which  side  of  the  fall  of  the 
chain  should  be  pulled  ui  order  to  raise  and  lower  the  load  respectively. 
If  in  a  Weston's  pulley  block  only  40  per  cent,  of  the  enersy  expended  is 
utilised  in  lifting  the  load,  what  would  require  to  be  the  diameter  of  the 
smaller  part  of  the  compound  pulley  when  the  largest  diameter  is  8  inches, 
in  order  that  a  pull  of  50  lbs.  on  the  chain  may  raise  a  load  of  550  lbs.  I 
(S.  &  A.  Adv.  Exam..  1896.) 
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LECTURE  V. 

^VTKSTB.  —Definition  of  Friction — Limiting  Friction— Definition  of  Coeffi- 
cient of  Friction — Static  and  Kinetic  Friction — Ordinary  Laws  of 
Friction  for  Plane  Surfaces — Morin's  Experiments -General  Results  of 
Becent  Experiments  on  the  Friction  of  Plane  Surfaces— Simple  Methods 
for  Fiuding  the  Coefficients  of  Friction  and  Angles  of  Repose — Defini- 
tion of  Angle  of  Repose — Limiting  Angle  of  Resistance  and  its  Defini- 
tion— Examples  I.  and  IL — The  best  Aingle  of  Propulsion  or  Traction — 
Example  IIL—^nestionf . 

Definition.— Friction  is  the  tenn  ased  to  denote  the  resistance 
to  motion  which  is  experienced  when  one  body  is  made  to  slide 
over  the  surface  of  another. 

The  true  cause  of  friction  is  the  roughness  of  the  surfaces  in 
contact.  The  surfaces  of  all  bodies  are  more  or  less  rough,  and, 
when  examined  by  means  of  a  microscope,  they  are  found  to  be 
covered  with  minute  projections,  which  are  smaller  the  smoother 
the  8ur£Gu;e.  When  one  surface  rests  upon  another,  the  projec- 
tions of  the  one  appear  to  fit 
into  corresponding  hollows  in 
the  other.  Hence,  to  move 
the  one  surface  relatively  to 
another  a  certain  force  must 

Magnified  Seotion  through  Two      ^  exerted  either  in  separating 
Bough  Surfaces  ik  Contact.  (i.e.,  lifting)  the  sur&.ces  suffi- 

ciently to  clear  these  projec- 
tions ;  or,  in  breaking  off  some  and  clearing  others.  By  inter- 
posing a  lubricant,  such  as  oil  or  grease,  between  the  surfaces, 
the  friction  may  be  greatly  diminished.  In  such  cases,  the 
.surfaces  do  not  appear  to  be  in  actual  contact,  but  are  separated 
by  a  thin  film  of  the  lubricant,  over  which  they  slide.  The 
amount  by  which  the  friction  is  thus  diminished  depends  on 
the  nature  and  quantity  of  the  lubricant  between  the  rubbing 
.surfiices. 

Limiting  Friction. — Friction  is  thus  a  tangerUicU  resistance 
offered  to  the  motion  of  one  body  over  the  surface  of  another. 
Thus,  if  the  body,  B,  is  made  to  slide  along  the  surface,  M  N,  by 
the  force,  P,  the  frictional  resistance,  F,  always  acts  along  the 
•common  tangent  to  the  two  surfaces  in  contact.     Whilst  B  is 
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just  beginning  to  move,  the  resistance,  F,  increases  from  nothing 

to  a  certain  limit,  so  that  any  further  increase  of  P  causes  the 

body  to  slide.     The  greatest  amount  of  friction  thus  called  into 

play  is  usually  spoken  of  as  the  Tiimiting  Friction.     It  depends 

for  its  magnitude   on  the 

reaction,  R,  between  the  '^ 

surfaces  in  contact  (due  to 

the  weight  of  the  body,  W) 

and  the  nature  of  those 

surfaces.   The  limiting  fric 

tion,  F,  is  measured  by  the 

least  force,  P,  which  just 

causes  sliding  to  take  place 

in  a  horizontal  plane. 

Definition. — The  Coefficient  of  Friction  (jn)  is  the  ratio  of  the 
Limiting  Friction,  F,  to  the  Normal  Reaction,  R,  between  the 
Burfaces  in  contact. 


^-p 


^'myJ^/Mm.  Wy///////////^ 


LiMmNQ  Fkiction. 


1.6., 


A6  =  g ;   or,  F  =  A*  R. 


Static  and  Kinetic  Friction. — It  has  been  proved  experimen- 
tally that  the  '^  limiting  friction "  between  surfaces  at  rest 
relatively  to  each  other,  is  slightly  different  in  magnitude  from 
that  between  the  same  surfaces  when  in  motion.  The  former 
has  been  called  Static  Friction  or  Friction  of  Rest,  whilst  the 
latter  is  called  Kinetic  Friction  or  Friction  of  Motion. 

Ordinary  Laws  of  Friction  for  Plane  Surfaces.  —  In  1785^ 
Coulomb,  a  French  officer,  published  the  results  of  a  series  of 
experiments  carried  out  by  him  on  the  friction  of  plane  surfaces. 
These  results  he  embodied  in  the  following  statements,  usually 
called  the  ordinary  laws  of  friction  : — 

Law  I. — The  friction  between  two  bodies  is  directly  proper* 
tional  to  the  normal  pressure  between  them. 

liAw  II. — The  friction  is  independent  of  the  areas  of  the 
surfaces  in  contact. 

Law  III. — Kinetic  friction  is  less  than  static  friction,  and  is 
independent  of  velocity.* 

It  will  at  once  be  seen,  that  these  three  laws  may  be  com- 
prised in  the  single  statement  that,  The  coefficient  of  friction 
depends  only  on  the  nature  of  the  surfaces  in  contact. 


*  For  experimental  methods  of  verifying  these  laws  see  the  Author'* 
ElemenUMrp  Mamial  on  Applied  Mechanics, 
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Morin'B  ExperimentB. — CoulomVs  experiments  were  not  oon- 
fiidered  sufficiently  extensive  to  thoroughly  establish  the  truth 
of  the  above  so-called  laws.  The  whole  subject  has,  however, 
been  reinvestigated  by  several  persons,  notably  by  General  Morin 
during  the  years  1831-34.  The  results  of  Morin's  experiments 
were,  for  a  long'  time,  regarded  as  conclusively  establishing  the 
above  laws.  This  was  no  doubt  true  within  the  limits  of  the 
pressures  and  the  velocities  he  employed ;  but,  in  some  recent 
experiments,  which  have  been  carried  out  with  much  greater 
care  and  wider  variations,  both  in  pressures  and  velocities,  the 
laws  of  Coulomb  were  found  to  be  erroneous.  The  coefficients 
of  friction,  instead  of  being  independent  of  pressure  and  velocity, 
are  shown  to  vary  considerably  with  the  pressure,  velocity,  and 
temperature. 

Qeneral  Results  of  Recent  Experiments  on  Friction  of  Plane 
Surfaces. — (1)  With  dry  surfaces  the  coefficient  of  friction  in- 
creases with  the  intensity  of  the  pressure.  The  highest  pressure 
employed  by  Morin  was  little  more  than  100  lbs.  per  square 
inch,  and  it  is  just  about  this  pressure  that  deviation  from 
Coulomb's  law  appears  to  begin.  This  increase  in  the  friction 
with  high  pressures  is  probably  due  to  abrasion  of  the  surfaces; 
but,  when  the  same  surfaces  were  well  lubricated  the  reverse 
took  place. 

(2)  The  lowest  pressure  employed  by  Morin  was  about  |  lb. 
per  square  inch,  but  in  recent  experiments  with  pressures  lower 
than  this,  the  coefficient  of  friction  was  found  to  increase  as  the 
pressure  decreased, 

(3)  With  high  velocities  the  coefficient  diminishes  as  the 
velocity  increases.  These  results  are  only  true  with  velocities 
greater  than  those  employed  by  Morin.*  With  all  velocities 
under  10  feet  per  second  it  has  recently  been  found  that  the 
coefficient  of  friction  is  quite  independent  of  the  speed. 

Simple  Methods  for  FincUng  the  Coefficients  of  Friction  and 
Angles  of  Repose. — (1)  Take  two  pieces  of  the  materials  to  be 
tested.  Let  one  of  these,  A  B,  be  shaped  like  a  lath  and  laid  on 
a  table,  while  the  other,  CD,  is  made  to  slide  on  its  upper  surface 
as  shown  by  the  figure.  The  bodies  are  pressed  together  by  a 
weight,  W,  which  may  be  varied  at  pleasure.  The  reaction,  R, 
between  the  two  surfaces  will  be  W  +  weight  of  block,  C  D. 
Now  load  the  scale  pan,  SP,  with  small  shot  until  the  block, 
C  D,  moves  freely  along  A  B.  The  motion  may  require  to  be 
aided  by  a  little  tapping  on  the  table,  since  static  friction  is 
greater  than  kinetic  friction.      The  experiment  should  be  re- 

*  10  feet  per  second  was  the  highest  velocity  in  Morin^s  experiments. 
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peated  two  or  three  times,  taking  care  that  F,  the  force  causing 
motion,  is  not  more  than  is  necessary  to  just  keep  C  D  moving 


B 
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Finding  thb  CocmcnENT  or  Friction. 

at  a  uniform  rate.     Next  remove  SP  and  weigh  it  carefully. 
Let  this  weight  be  P  units.* 


Then, 


F      P 

The  coefficient  of  friction  =  /^  s  -  =  g . 


f2)  Incline  the  plane  A  B  gradually  until  0  D  just  begins  to 
sliae  downwards,  the  table  being  gently  tapped  to  overcome  the 


*-' 


Finding  Angus  of  Rbposs. 

static  friction.      Let  a  be  the  angle  which  the  plane  A  B  now 
makes  with  the  horizontal,  then  : — 

The  coefficient  of  friction  =  ^  =  tan  a. 

For,  resolve  W  along  A  B  and  at  right  angles  to  A  B.   Then: — 

The  component  along  A  B  =  F  =  W  sin  a. 

'^"^_.^®_~""P°/'*"^  **l  =  R  =  W  cos  «. 


right  angles  to  A  B, 

F  ^  Wsina 
^  "  R  ~  W  cos  a 


tan  a. 


*  If  P  be  in  poundB,  ounces,  grammes,  or  grainB,  R  must  also  be  in 
pounds,  ounces,  grammes,  or  grains. 
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The  angle  a  is  called  the   "angle  of  repose"  or  "cmgle  of 
friction  "  for  the  materials  A  B  and  0  D.     Hence : — 

Definition.  —  The  angle  of  repose  is  the  greatest  angle  at 
which  a  plane  may  be  inclined  to  the  horizon  before  a  body 
placed  on  it  will  begin  to  slide. 


20      SO    Id      55      55       70      80      00     TOO 

Diagram  of  ANaLBS  of  Re^osb. 


The  above  diagram  exhibits  the  "  angles  of  repose  "  for  several 
of  the  more  common  materials,  together  with  the  values  of  their 
coefficients  of  friction. 

Limiting  Angle  of  Resistance. — If  we  attempt  to  push  the 
block,  C  D,  along  A  B  by  means  of  a  sharp  pointed  rod  inclined 

to    the   vertical  as    shown; 
?  then,  it  will  be  found  that, 

however  great  the  pressure 
exerted,  no  relative  motion 
will  take  place  unless  the 
rod  be  inclined  to  the  ver- 
tical at  an  angle  at  least 
equal  to  the  angle  of  repose. 
Thus,  let  9  be  the  angle 
which  the  direction  of  the 
force,  P,  makes  with  the  nor- 
mal reaction,  R,  when  sliding  is  just  about  to  take  place.  Resolve 
P  parallel  and  perpendicular  to  A  B.  Then,  clearly,  the  limiting 
friction,  F,  between  A  B  and  C  D  is  equal  to  the  component  of  P 
parallel  to  AB — 1.«.,  F  =  P  sin  p.  Also,  the  perpendicular 
pressure  between  the  surfaces  (neglecting  the  weight  of  CD) 
is  R  =  P  cos  f . 


Limiting  Angle  of  Resistance. 


THE  LIMITING  ANGLE  OF  RESISTANOB. 
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/«*   =    S- 


F      Pain  ^ 


s  tan  f . 


R      P  oos^ 
But  we  have  just  seen  that  (l  =  tan  a. 

(h  =  tan  <p  -  tan  a.    Or,  9  «  a. 

Hence,  when  a  body  is  made  to  slide  along  the  surface  of 
another,  the  direction  of  the  total  reaction  makes  an  angle  with 
their  common  normal  (at  least)  equal  to  the  angle  of  repose. 
This  angle  is  called  the  limiting  angle  of  resistance  and  may  be 
thus  defined. 

DsFiNiTioK.  —The  limiting  angle  of  resistance  is  the  greatest 
angle  which  the  total  reaction  between  two  Burfaces  can  make 
with  the  normal  before  sliding  takes  place. 

(3)  Another  method  for  finding  the  average  coefficient  of 
friction  is  the  following : — 

Take  a  plane,  A  B,  made  of  one  substance  and  inclined  at  any 
angle,  tf  (greater  than  the  angle  of  repose).  Allow  a  block  of 
the    other    substance    to 

slide  along  a  given  length,  - 

B  A,  of  the  inclined  plane, 
and  note  its  velocity  when 
it  reaches  the  point,  A. 
Next  calculate  the  vertical 
height,  B  E,  corresponding 
to  the  length,  B  D,  of  the 
plane  through  which  the 
body  would  require  to 
slide  in  order  to  acquire 
the  same  velocity  as  before, 
if  there  was  no  friction. 
To  get  this  height,  B  E,  let  t;  be  the  actual  velocity  of  the  body 
at  A,  Then,  neglecting  friction,  this  velocity  would  be  acquired 
when  the  body  reached  the  point  D,  such  that : — 


Finding  thb  Ck>BirnciBNT  er  FBicnoN. 


r   =  2  ^  X  B  E,  . 
Set  ofif  this  distance  along  B  C.     Join  A  K 


V 


^^  =  ^ 


Then  :~Average  coeC  of  frict  from  B  to  A  =»  -r-^;.  »  tan  a. 

Let   BO  represent  the   total  force,   P,   impelling  the  body 
down,  B  A,  against  friction  and  generating  the  velocity,  v,  then 


*  See  Contents  for  Lecture  on  Motion. 
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B  E  will  represent  the  force  which  goes  to  generate  the  velocity 
alone,  since  in  the  second  case  the  final  velocity  is  the  same 
as  in  the  first  and,  by  hypothesis,  no  frictional  resistances  are 
overcome.  Hence,  the  force  which  overcomes  the  friction  alone, 
will  be  represented  by  the  difference  between  B  C  and  B  E — i.e,, 
by  EO. 
Now,  we  know  that: — 

P  :  R  =  B  C  :  A  0. 

Hence,  F:P:R  =  EC:BC:Aa 

F       EO 
^■"R"AO* 

The  chief  difficulty  in  making  an  experiment  of  this  kind 
would  be  in  finding  the  velocity,  v,  at  A.  It  is  much  easier  to 
find  the  time  taken  to  move  from  B  to  A.  Suppose  this  time  to 
be  found.  Let  it  be,  t,  seconds.  Then  assuming  the  body  to  be 
uniformly  accelerated,  we  get  s  =  Jt;<,orAB  =  ^vL* 

2AB 

.  =  -r 

Example  I. — Let  the  plane,  A  B,  be  10  feet  long  and  inclined 
to  the  horizon  at  an  angle  of  30°.  Suppose  the  time  taken  to 
slide  from  B  to  A  to  be  1^  seconds.     Then  the  velocity  at  the 

foot  of  the  plane  is  t?  =  — ,  ,      =  -r-  feet  per  second. 

40       40 
The  height  B  E  =  ^  =  ^^J^  =  2-76  feet. 

Then,  since  angle  B  A  0  =  30',     .•.BC  =  JAB  =  5  feet. 

CE  =  5  -  2-76  =  2-24  feet 


Also,  ^  A0=    x/aB*-BC"=   ^75  =  8-66. 

^  =  tan^EAO-f^  =  ||J  =  -2586 

and  this  corresponds  to  an  angle  of  friction  of  15"*  nearly. 

This  method  of  obtaining  the  coefficient  of  friction,  although 
both  interesting  and  instructive,  is,  however,  so  complicated  and 
attended  with  so  many  difficulties  that  reliable  results  could  not 
be  obtained  in  a  class-room  or  ordinary  laboratory. 

EzAMPLB  IL — A  plank  of  oak  lies  on  a  floor  with  a  rope 
*  See  Lecture  on' Motion,  &c,  in  this  treatise. 
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attached  to  it.  When  the  rope  is  palled  horizontally  with  a 
force  of  70  lbs.  it  just  moves,  but  when  pulled  at  an  angle  of  30* 
to  the  floor  a  force  of  60  lbs.  moves  it.  What  is  the  weight  of 
the  plank  and  the  coefficient  of  friction  between  it  and  the  floor? 

Answbb. — ^Let  W  denote  the  weight  of  the  plank  in  lbs., 

fi»  „  coefficient  of  friction  between  the 

floor  and  the  plank, 
frictions  in  the  two  cases. 


n 


» 


Fi.F, 


M 


M/^W 


RrW-P,9inS(f 


Pf^eOUf 


W  W 

Example  ok  Coetficixnt  oj  Friction. 

In  the  first  case,  when  P  is  parallel  to  the  floor,  we  get  Rj  =»  W, 
and  Pj  =  Fj  =  A*  Rj, 

A^W  =  70 .     (1) 

In  the  second  case,  when  P  is  inclined  at  an  angle  of  30*  to  the 
floor,  the  reaction  between  the  floor  and  the  plank  will  be  less 
than  W  by  the  vertical  component  of  P,. 

Rs  «  W  -  P2sin30*«W-60xi-(W-30)  lbs. 
F,  =  /tt  R,  =  M  (W  -  30)  Ibe. 
But  Fj  =  P,  cos  30*  =  30  ^3  lbs. 


/.  At(W-30)  =  30^3 


(2) 


We  have  now  obtained  two  equations,  (1)  and  (2),  containing 
the  two  unknown  quantities,  W  and  /t.  By  solving  these  equa- 
tions  these  quantities  can  be  found. 

Divide  (2)  by  (1),  then 

W-30       30^3       3^3 
W      "     70     *"     7     • 


•  • 


•  • 


7W  -210  =  3^3,  W. 

210 


W  =  -p   =  116-6  lbs.  nearly. 


70 


From  equation  (1),  ft,  ^  ^  ^  '^  nearly. 


68 


LECTURE  V. 


From  this  example  it  appears  that  the  pull,  P  (which  is  some- 
times called  the  trciction),  decreases  as  its  direction  becomes  more 
inclined  to  the  line  of  motion.  Thus,  when  P  is  parallel  to  the 
floor,  the  pull  required  is  70  lbs.,  but  when  inclined  at  an  angle 
of  30°  it  is  only  60  lbs.  It  is  also  cl^ar  that  P  does  not  con- 
tinually decrease  as  the  angle  of  traction  increases.  For,  when 
P  makes  an  angle  of  about  90*  with  the  line  of  motion,  the  ten- 
dency of  P  is  to  lift  W  and  not  to  move  the  body  along  the  floor 
at  all.  Hence,  there  must  be  some  definite  angle  for  which  the 
pull,  P,  will  have  its  minimum  value. 

The  Best  Angle  of  Propulsion  or  Tractioa — We  shall  now 
show  that  the  best  angle  of  propulsion  or  traction  for  given 
materials  is  equal  to  their  angle  of  repose. 


J«^ 


^^^55^^^5:575^8^^^ 


W-^PnnB 


W-Piin9 

Angle  of  propulsion  or  TitACTnoN. 


Let  P  make  an  angle,  ^,  with  the  direction  of  motion.     Let  a 
be  the  angle  of  repose  for  the  two  materials.     Then  ft,  =  tan  a. 

Normal  pressure  between  the  bodies  =  R  =  W  ±  P  sin  &,* 

Resistance  to  motion    •     •     .     •     =F  =  AbR  =  /c6(W±Psin^ 

Force  causing  motion  ....     »  P  cos  ^. 

P  cos  ^  =  M  ( W  ±  P  sin  ^) 
P  (cos  Q  -^  fi»Bin&)  =  /A  W. 


*  The  sign  is  +  when  P  is  pushing  the  body,  as  shown  by  the  left-hand 
figure ;  and  -  when  P  is  palling  the  body,  as  shown  by  the  right-hand 
figure.  Hence,  throughout  the  following  investigation  the  upper  sign  will 
tSiex  to  the  left-hand  figure  and  the  lowtr  sign  to  the  right-huid  figure. 
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r\  i>  A*  W  ^  sin  a 

Or,         P  — ; — .  But,  fA  =  • 

cos 0  ^  fi,  sine  COS  a 

n  T>  Wsina  -^         W  sin  a      ... 

Hence,  P  =  r -. — ^—, — ,  /.  P  = j-- — :    (1) 

cos  0  008  a  q:  Sin  ^  sin  a  cos  (^  ±  a)    ^  ' 

Hence,  P  will  have  its  minimum  value,  for  a  given  load,  W, 

'when  the  fraction rrzz — \  is  a  minimum.     Now,  the  denomi- 

cos  (0  ±  a)    ^  ' 

nator  of  this  fraction  is  the  only  quantity  which  can  be  made  to 
vary,  since  a,  and  therefore  also,  sin  a  is  a  constant  quantity 
for  the  same  materials.  Consequently,  the  fraction  will  be  a 
minimum  when  its  denominator  is  a  maximum — t.tf.,  when  cos 
(tf  ±  a)  is  a  maximum.  But  the  maximum  value  of  a  cosine  is 
unitf/y  and  this  occurs  when  the  angle  is  0. 

When  cos  (tf  ±  a)  =  1,  tf  ±  a  =  0,  or  ^  «  qp  a.* 

Hence,  the  least  push  or  pull  required  to  move  a  load,  W, 
along  a  horizontal  plane  is,  by  equation  (1), 

P  1=  Wsina 

and  the  direction  of  the  push  or  pull  makes  an  angle  a,  equal 
to  the  angle  of  repose,  with  the  horizontal  plane. 

£xAMPLE  III.— A  body  weighing  200  lbs.  is  drawn  along  a 
horizontal  plane,  by  a  rope  making  an  angle  of  30°  to  the  pkuie. 
Find  the  force  necessary  to  move  the  body,  supposing  the  co- 
efficient of  friction  to  be  '5.  Find,  also,  the  least  force  which 
would  just  suffice. 

Answer. — (1)  Referring  to  the  previous  right-hand  figure^ 
we  get : — 

P  cos  30*  =  F  -  /*  R  «  /A  ( W  -  P  sin  30*) 

P  X  ^  =  -5  (200  -  P  X  J) 


« • 


•866  P  -  100  -  -25  P 


P  -  j^g  =  89-6  IbB. 


«  • 


*  The  upper  or  ( - )  sign,  here  refers  to  the  case  wherein  the  body  is 
being  pushea,  while  the  lower  or  ( + )  sign  refers  to  the  case  wherein  the 
body  IS  being  pulled.  In  the  first  case,  we  see  that  P  will  be  a  minimum 
when  $  =  -  a;  %.e,,  when  the  force,  P,  is  directed  from  below  upwards  and 
inclined  to  the  horizon  at  an  angle,  a,  equal  to  the  "angle  of  repose.** 
Similarly,  the  pull,  P  (right-hand  tiffure),  will  be  a  minimum  when  0=  -^a, 
— t.e.,  when  P  is  directed  upwards  and  inclined  to  the  horizon  at  an 
angle,  a,  equal  to  the  **  angle  of  repose." 
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(2)  The  least  force  necessary  to  move  the  body  is,  according 
to  the  above  results, 

P  =  W  sin  a. 

Now,  tan  a  =  fj,, 

sin   a         s 

cos   a 

Or,  sin^cc  =  ^*(1  —  sin*  a), 

At  *5  .  .  _ 

sin  a  =  — ^^^:^3  =  — — ^z  =  '447 

P  =  200  X  -447  =  89-4  lbs. 

In  this  case  the  direction  of  P  makes  an  angle  of  26^''  nearly 
with  the  horizontal  plane. 

The  student  should  now  prove  that  the  same  holds  true  when 
a  body  is  pulled  up  an  inclined  plane  by  a  force,  P,  which  makes 
an  angle,  e^  with  the  incline — viz.,  that  the  force  will  be  least 
when  ^  =  a,  the  angle  of  repose. 
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Lectubb  V. — Questions. 

1.  What  18  friction  ?  State  the  ordinary  laws  of  friction,  and  explain  by 
aid  of  sketches  and  concise  descriptions  now  they  niay  be  proved  ezperi- 
mentaUy.  What  is  meant  by  the  '* coefficient  of  friction;"  ''angle  of 
repof^e ; "  '*  angle  of  friction ; "  and  "  limiting  angle  of  resistance  ?  " 

2.  Define  the  coefficient  of  friction  and  the  angle  of  friction.  A  weight 
of  500  lbs.  is  placed  on  a  table,  and  is  just  made  to  slide  by  a  horizontal 
pull  of  155  lbs.  Find  the  coefficient  of  friction,  and  the  number  of  desrees 
in  the  angle  of  friction,  by  drawing  it  to  scale.  (S.  &  A  Adv.  Theor. 
Mechs.  Exam.,  1886.)    Ans.  0*31. 

3.  The  saddle  of  a  lathe  weighs  5  cwts.,  and  it  is  moved  along  the  bed 
of  the  lathe  by  a  rack  and  pinion  arrangement.  What  force,  appued  at  the 
end  of  a  handle  10  inches  in  length,  will  be  just  ca{)able  of  movine  the 
saddle,  supposing  the  pinion  to  have  12  teeth  of  1^-inch  pitch,  and  the 
coefficient  of  friction  between  the  saddle  and  lathe-bed  to  be  O'l,  other 
friction  being  neglected?  Sketch  the  arrangement.  (S.  ft  A.  Adv.  Exam., 
1891.)    ulfi«.  13-36  lbs. 

4.  A  body  weighing  60  lbs.  is  pulled  along  a  rough  horizontal  plane  by  a 
force  whose  line  of  action  makes  an  angle  of  45**  with  the  plane.  If  the 
coefficient  of  friction  between  the  body  and  the  plane  be  0*2,  find  the 
magnitude  of  the  pull  and  the  preisure  between  the  body  and  the  plane. 

Ans,  11*78  lbs.;  41 -6  lbs. 

5.  A  body  is  resting  on  a  rough  horizontal  plane,  and  is  acted  on  by  a 
force  whose  line  of  action  is  inclined  45**  to  the  plane.  The  force  is  gradually 
increased  until  the  body  is  just  about  to  move ;  find  the  ratio  of  the  force 
ecerted,  to  the  weight  of  the  body,  the  coefficient  of  friction  being  0*25. 

Anti,   J2  :  5,  or  1  :  3*5. 

6.  A  body  lying  on  a  rough  table  can  just  be  moved  by  a  horizontal  pull 
of  20  lbs. ;  but,  when  pulled  at  an  ansle  of  30**  to  the  horizon,  the  force 
required  is  found  to  be  only^  18  lbs.  Will  you  explain  the  reason  for  this 
difference,  and  find  the  weight  of  the  body  and  the  coefficient  of  friction 
between  it  and  the  table?    An*,  41  lbs.;  '49. 

7.  A  body  weighing  100  lbs.  is  drawn  along  a  horizontal  plane  by  a  rope, 
making  an  angle  of  20''  with  the  plane.  Find  the  force  required,  supposing 
the  coefficient  of  friction  to  be  0*15.  Find,  also,  the  least  force  which  would 
just  pull  the  body  along  the  plane,  and  the  angle  which  its  direction  would 
make  with  the  plane.     Ans,  16  lbs.;  14*75  lbs.;  8^^ 

8.  A  body  of  known  weight  is  placed  on  a  rough  horizontal  plane  and 
pulled  in  a  certain  direction.  Find  (1)  the  force  of  the  pull  which  will  just 
make  the  body  slide,  and  (2)  what  must  be  the  direction  of  the  pull  that  it 
may  be  the  least  that  will  make  the  body  slide  ?  Suppose  that  P  is  the 
least  pull  as  above  determined,  and  that  the  body  when  pushed  by  a  force, 
Pi  (acting  along  the  same  line  as  that  in  which  P  acted),  is  on  the  point 
of  sliding,  show  that  Pi  (1  -  ^')  =  P  (1  +  m')»  m  being  the  coefficient  of 
friction.     (S.  k  A.  Adv.  Theor.  Mechs.  Exam.,  1887.) 

9.  A  force  of  15  lbs.  per  ton  of  load,  is  required  to  maintain  the  motion 
of  a  train  on  a  level  line.  Determine  the  coefficient  of  friction  between  the 
driving-wheels  and  rails  when  an  engine  of  30  tons  weight  can  just  keep  in 
motion  a  train  of  350  tons  (including  weight  of  engine).  Give  a  diagram 
illustrating  the  method  employed  by  you  in  arriving  at  the  answer. 
Ans.  0-078. 


^ 
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LECTURE    VI. 

Contents.— Friction  of  Cylindrical  Surfaces— General  Morin's  Experimento 
—Him's  Experiments— Prof.  Thurston's  Experiments— Prof.  Fleeming 
Jenkin's  Experiments — Beauchamp  Tower's  Experiments  on  Journals — 
Practical  Examples  of  Lubricating  Journals — Experiments  on  Collar 
Friction — Friction  of  a  Pivot  Bearmg— Results  of  the  Experiments — 
Friction  of  Railway  Brakes  —  Friction  between  Water  and  Bodies 
Moving  through  it — Frictional  Resistanoe  of  a  Ship  Propelled  through 
Sea  Water — Examples — Questions. 

Priction  of  Cylindrical  Surfaces. — In  the  preceding  lecture  we 
only  dealt  with  the  friction  of  plane  surfaces.  It  is  equally 
necessarr,  however,  that  the  engineer  should  study  the  friction 
of  cylindrical  surfaces.  With  this  object  in  view  we  shall  give 
a  brief  summary  of  the  results  of  the  experiments  carried  out 
hy  the  principid  authorities  on  this  subject  prior  to  the  year 
1883,  and  then  state  the  conclusions  arrived  at  by  the  '*  Research 
'Committee  on  Friction,"  appointed  by  the  "  Institution  of 
Mechanical  Engineers,"  which  now  constitute  the  standard  and 
most  reliable  experiments  on  this  subject. 

General  Morin's  Experiments. — Morin  also  made  experiments 
on  the  friction  of  axles,  and  he  arrived  at  the  same  general 
<;onclusions  as  were  explained  in  Lecture  Y.  for  plane  surfaces ; 
the  only  difference  being,  in  the  values  of  the  coefficients  of 
friction.  The  diameters  of  his  journals  reached  a  maximum  of 
4  inches,  but  the  speeds  never  exceeded  a  sliding  velocity  of 
more  than  30  feet  per  minute,  and  the  pressures  160  lbs.  per 
square  inch  of  the  nominal  bearing  surface.  By  nominal  bearing 
surface  is  meant,  the  projected  area  of  the  journal  on  a  dia- 
metrical plane — t.e.,  on  a  plane  containing  the  axis  of  the  journal. 
Thus,  let  d  denote  the  diameter  and  I  the  length  of  the  journal 
in  inches,  then : — 

Nominal  hearing  swrfctce  ^  dl  square  inches. 

If  R  be  the  total  reaction  or  load  in  pounds,  and  p  the 
intensity  of  pressure,  or  the  pressure  in  pounds  per  square  inch 
on  the  journal,  then : — 

R* 

R  ^  pdl;  orp  =  j^' 

*  If  the  arc  of  the  circle  embraced  by  the  brass  bush,  upon  which  the 
«haft  actually  bears,  be  indicated  by  the  chord,  d\  subtended  by  it,  then: — 

R 
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The  yalues  of  fiia  the  equation  F  ^  fiB,,  aa  given  by  Morin, 
are: — for  dry  journals  '18  to  '25,  for  those  greased  and  wet  with 
water,  '14  to  '19;  intermittently  lubricated,  *07  to  '12;  and  for 
continuous  lubrication,  '03  to  "05.  7%«  friction  was  found  to  he 
independent  of  the  velocity  and  proportional  to  the  load.  The 
coefficient  of  friction  thus  depending  only  on  the  nature  of 
the  bearing  surfaces.  In  more  recent  experiments  with  cases 
approaching  those  which  occur  in  actual  practice,  it  has  been 
shown  that  the  values  of  fi  are  much  smaller  than  those  given 
by  Morin,  and,  further,  that  the  friction  is  entirely  dependent 
on  the  more  or  less  thorough  lubrication  of  the  baring. 

Hirn's  Experiments.* — In  1885,  M.  Him  published  the  results 
of  a  long  series  of  experiments,  chiefly  on  lubricated  journals. 
These  results  show,  that  instead  of  the  coefficient  of  friction 
being  a  constant  quantity  for  the  same  materials,  it  is  more 
nearly  proportional  to  the  square  root  of  the  velocity  of  rubbing, 
V,  and  inversely  proportional  to  the  square  root  of  the  intensity 
of  pressure,  p. 


Or, 


--'^, 


Where  c  is  a  constant  quantity  found  by  experiment.  Hence, 
we  see  that  the  friction  in  those  experiments  varied  directly  as 
the  square  root  of  the  load,  area,  and  velocity. 

For,  F  =  AtR  =  CA/^xR  =  c  J-j^   x  R  =  cj  Rdfv. 

di 

For  ordinary  conditions  of  working  the  friction  thus  appears 
to  have  varied  as  the  square  root  of  the  velocity.  The  friction 
diminished  as  the  temperature  increased,t  and  the  best  results 
were  obtained  after  the  lubricant  had  been  working  for  some 
time  between  the  surfaces. 

*  In  1880,  C.  J.  H.  Woodbnry,  of  the  Institate  of  Technolocy,  Boston, 
Mass.,  U.S.A.,  read  a  paper  before  the  American  Society  of  MechaDical 
Engineers  (see  vol.  i.,  p.  74,  et  seq.)  on  "Measurement  of  the  Friction  of 
Lubricating  Oils."  He  states  that  his  experiments  proved  that  the  co- 
efficient of  friction  varies  in  an  inverse  ratio  with  the  pressure  for  high 
speed  lightly -loaded  spindles.  Further,  that  the  coefficient  of  friction  at 
ISO^'F.  was  about  75  per  cent,  less  than  at  Td^'F. ;  and,  therefore,  mill 
owners  should  keep  their  machinery  warm  in  winter. 

t  See  a  paper  by  M.  G.  Adolphus  Him,  read  before  the  Soci6t6  Indus- 
trielle  de  Mulhouse,  June  28,  1884,  where  water  is  used  to  control  the 
temperature  of  the  bearing  surfaces  of  oil  testing  machines;  also,  The  188d 
Cantor  Lectures  on  *'  Friction,**  by  Prof.  Hele  Shaw. 
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Prof.  Thurston's  Experiments.* — Professor  B.  H.  Thurston,  of 
TJ.S.A.,  has  carried  out  a  number  of  experiments  to  determine 
the  effect  of  changes,  not  only  in  velocity,  but  also  in  pressure 
and  temperature,  upon  the  frictional  resistance  of  luoricated 
bearings.  His  conclusions  are,  that  the  coefficient  at  first  de- 
creases, but  after  a  certain  point  increases  with  the  velocity  y 
the  point  of  change  varying  with  the  pressure  and  temperature. 
Very  few  details,  however,  are  given  of  the  way  in  which  these 
experiments  were  carried  out,  and,  consequently,  we  cannot  here 
enlarge  further  upon  them. 

Prof.  Fleeming  Jenkin's  Experiments.! — A  number  of  experi- 
ments was  carried  out  by  Prof.  Jenkin  in  connection  with  the 
difference  between  Static  Friction  or  the  Friction  of  Rest  and 
Dynamic  Friction  or  the  Friction  of  Motion.  He  experimented 
at  extremely  low  velocities,  and  showed,  that  in  certain  cases, 
the  coefficient  of  friction  decreases  gradually  as  the  velocity 
increases,  between  speeds  of  *012  and  '6  foot  per  minute,  thus 
indicating  the  probability  of  a  continuous  rather  than  a  sudden 
change  in  the  value  of  the  coefficient  of  friction  between  the 
conditions  of  rest  and  motion. 

Beaachamp  Tower's  Experiments  | — (1)  Description  of  Machine. 
— In  experimenting  on  the  friction  of  lubricated  bearings,  and 
on  the  value  of  different  lubricants,  one  of  the  difficulties  which 
is  first  met  with  is  the  want  of  a  method  of  applying  the  lubri- 
cant, which  can  be  relied  upon  as  sufficiently  uniform  in  its 
action.  All  the  common  methods  of  lubrication  are  so  irregular 
in  their  action  that  the  friction  of  a  bearing  often  varies  con- 
siderably. This  variation,  though  small  enough  to  be  of  no 
practical  importance,  and  to  pass  unnoticed,  in  the  working  of 
an  ordinary  machine,  would  be  large  enough  utterly  to  destroy 
the  value  of  a  set  of  experiments,  say,  on  the  relative  values  of 
various  lubricants ;  for  it  would  be  impossible  to  know  whether 
an  observed  variation  was  due  to  a  difference  in  the  quality  of 
the  oil,  or  in  its  rate  of  application.     The  first  problem,  there- 

*  **  Friction  and  Lubrication,"  p.  -SS.  "American  Association  for  the 
Advancement  of  Science, "  Aug.  1878,  p.  61.  '*  The  Theory  of  the  Finance  of 
Lubrication  and  on  the  Valuation  of  Lubricants  by  Consumers,"  "  Friction 
and  Lost  Work  in  Machinery, ""  N.Y.,  1885,  and  on  **The  Real  Value  of 
Lubricants/*  Jany.  5th,  1S85,  see  Trans,  Am.  Soc  Mech.  iSngs.,  vol  xiii. 
Also  see  the  1891  vol.  for  "Special  Experiments  with  Lubricants,"  by 
B.  J.  E.  Denton  of  Hobokin,  N. J.,  U.S.A.  He  deals  with  the  lubrication 
of  steam  cylinders  and  of  journals  subjected  to  heavy  pressures. 

t  Proceeilings  of  the  Royal  Society,  1877,  p.  93. 

t  By  the  kindness  of  the  Council  of  the  Institution  of  Mechanical 
Engineers,  London,  the  author  is  permitted  to  make  the  following  extracta 
from  their  Proceedings  and  Report  on  Friction  Experiments,  Nov.  1883. 
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fore,  which  presented  itself  in  the  present  ezperimeots,  was  to 
devise  a  me^od  of  lubrication  such  as  would  be  perfectly  unifonu 
in  its  action,  and  would  form  an  easily  reproducible  standard 
with  which  to  compare  other  methods.  These  conditions  were 
best  fulfilled  bj  making  the  bearing  run  immersed  in  a  bath  of 
oil.  By  this  method  the  bearing  is  always  supplied  with  as 
much  oil  as  it  can  possibly  take ;  so  that  it  represents  the  most 
perfect  lubrication  possible,  and  is  a  good  standard  with  which 
to  compare  other  methods.  It  is  at  all  times  perfectly  uniform 
in  its  action,  It  is  very  easily  defined  and  reproduced  ;  and  it 
also  has  the  advantage  that  the  temperature  of  the  bearing  can 
be  easily  regulated  by  gas  jets  under  the  bath.  Experiment 
showed  that  the  bath  need  not  be  full ;  the  results  obtained 
were  the  some  when  it  was  so  nearly  empty  that  the  bottom 
of  the  journal  only  just  touched  the  oil. 


The  above  figure  represents  the  arrangements  for  conducting 
the  experiments.  The  shaft,  S,  was  of  steel,  4  inches  diameter 
and  6  inches  long,  with  its  axis  horizontal  and  driven  by  a  belt 
acting  on  a  pulley  keyed  to  its  outer  end. 

A  gun-metal  brass,  B,  embracing  somewhat  less  than  half 
the  circumference  of  the  journal,  rested  on  its  upper  side.  The 
exact  arc  of  contact  of  this  brass  was  varied  in  the  different 
experiments.  Besting  on  this  brass  was  a  cast-iron  cap,  C^, 
from  which  was  hung  by  two  bolts  a  cast-iron  cross-bM,  C,, 
carrying  a  knife-edge,  KE.  The  exact  distance  of  this  knife- 
edge  below  the  centre  of  the  journal  was  6  inches.  On  this 
knife-edge  was  suspended  the  cradle  which  carried  the  weights, 
W,  W,  applied  to  the  bearing.  The  cap,  bolts,  and  cross-bar 
were  put  together  in  such  a  manner  as  to  form  a  rigid  frame, 
connecting  the  brass  with  the  knife-edge.  If  there  had  been  no 
friction  between  the  brass  and  the  journal,  the  weight  would 
have  caused  the  knife-edge  to  hang  perpendicularly  below  the 
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axis  of  the  journal.  Friction,  however,  caused  the  journal  to 
tend  to  carry  the  brass  and  the  frame  to  which  it  was  attached, 
round  with  it,  until  the  line  through  the  centre  of  journal  and 
the  knife-edge,  made  such  an  angle  with  the  perpendicular,  that 
the  weight  multiplied  by  the  distance  from  the  knife-edge 
to  that  perpendicular,  offered  an  opposing 
moment  just  equal  to  the  moment  of  fric- 
tion. 

Suppose  r  »  radius  of  the  journal. 

„        I  —  distance  of  the  knife-edge  from 
the  perpendicular. 

„       w  ^  the  weight. 
And, 

(Ixw)  =  the  moment  of  friction. 

The  friction  at  the  surface  |       the  moment  __  tc;  x  Z 
of  the  journal,  /  ~  r  ~      r 


•  Indicating 

Coefficient  of 

Friction. 


Hence,   the   coefficient  of 
friction, 


}- 


Friction  at  surface  of  journal      I 


w 


So  that  the  coefficient  of  friction  is  indicated  by  I  in  terms  of  r, 
no  matter  what  the  weight  is.  As  an  example,  suppose  I  was 
equal  to  r,  the  coefficient  of  friction  would  obviously  be  I ;  or  if 
I  was  y\^  of  r,  then  the  coefficient  of  friction  would  be  ^, 

In  order  to  avoid  the  difficulty  of  determining  accurately 
when  the  knife-edge  was  perpendicularly  under  the  centre  of 
the  journal  (a  knowledge  which  was  necessary  in  order  to  obtain 
a  measurement  of  h  and  which  was  very  difficult  to  obtain  owing 
to  the  considerable  friction  between  the  brass 
and  the  journal  when  at  rest),  each  experiment 
was  tried  with  the  journal  revolving  in  both 
directions,  and  the  sum  of  the  values  of  I  on 
both  sides  was  measured ;  and  then  the  co- 
efficient of  friction  was  indicated  by  the  chord 
of  the  whole  angle,  included  between  the 
two  lines  of  inclination  caused  by  the  friction, 
with  the  rotation  in  the  two  directions,  the 
chord  being  expressed  in  terms  of  the  diameter 
of  the  journal  (see  figure).  Each  result  was 
thus  a  mean  of  two  experiments,  one  with 
the  axle  running  in  one  direction,  and  the  other  with  it  running 
in  the  other  direction.     In  order  to  read  the  value  of  the  co- 
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•efficients  thus  obtained,  a  light  horizontal  leyer,  L,  was  attached 
to  the  frame  connecting  the  brass  to  the  knife-edge.  It  was 
^2^  inches  long,  or  twelve  and  a-half  times  the  distance  between 
the  centre  of  the  journal  and  the  knife-edge ;  so  that,  at  the  end 
of  the  lever,  the  chord  indicating  the  coefficient  of  friction  was 
magnified  twelve  and  a-half  times.  As  a  chord  of  4  inches  at 
the  knife-edge  represents  a  coefficient  of  1,  a  chord  of  50  inches 
at  the  end  of  the  lever  also  represents  a  coefficient  of  1,  while 
5  inches  represents  a  coefficient  of  j\^,  ^-inch  of  y^^,  and  ^inch 
of  y^^.  The  position  of  the  end  of  the  lever  during  each  ex- 
periment was  recorded  by  a  tracing  point,  attached  to  the  end  of 
the  lever,  and  marking  on  metallic  paper  carried  upon  a  revol- 
ying  vertical  cylinder,  P.  The  distance  between  the  two  lines 
obtained  by  running  the  axle  both  ways,  when  measured  on 
the  above  scale,  indicated  the  value  of  the  coefficient. 

(2)  Method  of  Experimenting, — Early  in  the  experiments  it 
was  found,  that  immediately  after  the  motion  of  the  shaft  was 
reversed,  the  friction  was  greater  than  it  was  when  the  shaft 
had  been  running  in  the  same  direction  some  time.  This 
increase  of  friction,  due  to  reversal,  varied  considerably.  It 
was  greatest  with  a  new  brass,  and  diminished  as  the  brass 
became  worn,  so  as  to  fit  the  journal  more  perfectly.  Its  great- 
•est  observed  amount  was  at  starting  and  was  about  twice  the 
normal  friction,  and  it  gradually  diminished  until  the  normal 
friction  was  reached  after  about  ten  minutes  continuous  running. 
This  increase  of  friction  was  accompanied  by  a  strong  tendency 
to  heat  and  seize,  even  under  a  moderate  load.  In  the  case  of 
One  brass,  which  had  worked  for  a  considerable  time  without 
accident)  and  had  consequently  become  worn  so  as  to  fit  the 
journal  very  accurately,  this  tendency  to  increase  of  friction 
after  reversal  almost  entirely  disappeared;  and  it  could  be 
reversed  under  a  full  load  without  appreciable  increase  of  friction 
or  a  tendency  to  heat  or  seize.  The  phenomenon  must  be  due 
to  the  surface  fibres  of  the  metal,  which  have  been  for  jome  time 
stroked  in  one  direction,  meeting  point  to  point  and  interlocking 
when  the  motion  is  reversed.  The  very  perfectly  fitting  brass 
was  probably  entirely  separated  from  the  journal  by  a  film  of 
-oil ;  and  there  being  no  metallic  contact  the  phenomenon  did 
not  show  itself.  In  consequence  of  the  above  facts,  it  was  found 
necessary  to  proceed  with  the  experiments  in  the  following 
order.  A  complete  series  of  experiments,  with  a  gradually 
increasing  load,  was  taken  with  the  journal  running  in  one 
direction;  the  load  was  then  diminished  by  the  same  steps  as  it 
had  been  increased,  and  the  experiments  thus  repeated,  the 
shaft  still  running  in  the  same  direction,  until  the  load  had  thus 
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been  reduced  to  100  lbs.  per  square  inch,  which  was  the  load 
due  to  the  unweighted  cradle.  The  direction  of  motion  was 
then  reversed,  and  the  shaft  run  for  half  an  hour,  so  as  to  get  it 
thoroughly  used  to  going  the  other  way ;  after  this  the  load 
could  be  increased  and  the  experiments  taken  without  any  diffi- 
culty. The  experiments,  as  before,  were  taken  at  each  step  whilst 
both  increasing  and  decreasing  the  load ;  so  that  each  recorded 
result  is  really  the  mean  of  four  experiments,  which  have  in 
many  instances  been  taken  several  hours  apart. 

This  method  of  obtaining  a  direct  indication  of  the  coefficient 
of  friction,  by  the  angular  displacement  of  the  frame  connecting 
the  brass  and  knife-edge,  would  undoubtedly  have  been  the  best 
had  the  coefficient  of  friction  been  nearly  as  constant  as  it  has 
hitherto  been  supposed  to  be.  But  as  shown  by  the  results,  the 
coefficient  of  friction  was  found,  instead  of  being  constant,  to 
vary  nearly  inversely  as  the  load,  and  also  to  be  much  smaller  in 
quantity  than  was  expected;  the  consequence  was,  that  with 
high  loads  the  height  of  the  diagram  was  very  small.  In  the 
cases  where  with  the  greatest  loads,  a  coefficient  of  only  ji^nj^  was 
observed,  the  distance  between  the  two  lines  was  only  ^V  inch. 

Owing  to  these  experiments  showing  that  the  moment  of 
friction  was  much  more  nearly  constant  than  the  coefficient,  it 
was  resolved  to  alter  the  method  of  observation,  and  to  measure 
the  moment  directly,  instead  of  the  coefficient.  For  this  purpose 
the  paper  cylinder  was  removed, 
and  a  small  lever,  M  (see  accom- 
panying figure),  was  connected  to 
the  main  indicating  lever  in  such 
a  manner  that  the  motion  of  the 
«nd  of  the  main  lever  was  magnified 
five  times  at  the  end  of  the  small 

lever.     The  end  of  the  small  lever  

was  pointed ;  and  when  the  machine  Second  Arranoemknt 

was  working,  this  point  was  brought  of  Ikdkx. 

exactly  opposite  a  fixed  mark  by 

putting  weights  into  a  scale-pan  on  the  end  of  the  main  lever. 
The  main  lever  was  so  overbalanced  that  under  all  circumstances 
some  weight  was  required  to  be  added  to  the  scale-pan,  in  order 
to  bring  the  end  of  the  small  lever  to  the  mark,  even  when,  in 
addition  to  the  friction  being  greatest,  the  direction  of  motion 
of  the  journal  tended  most  to  depress  it.  The  method  of  run- 
ning in  both  directions,  and  loading  and  unloading,  was  followed 
as  before.  The  weights  in  the  scale-pan  being  noted,  the  moment 
of  friction  was  given  by  half  the  difference  between  the  weights 
in  the  scale-pan,  when  running  in  one  direction  and  in  the  other. 
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The  following  table  is  selected  from  those  recorded  in  the 
Proceedings  of  the  Institution  of  MecJumical  Engineers  as  an. 
example  of  the  results  obtained  : — 

Bath   of   Minibal   Oil.     Tbhpebature  OO**  F.     4-Incee  Journal, 
6  Inches  Long.    Chord  ov  Arc  ov  Contact  of  Brass  =  3*92  Inches. 


Nominal 

Coeffigibnts  of  Friction,  for  speeds  ss  below. 

T^vul 

Lbs. 

per 

100  rey. 

160  rev. 

200  rev. 

250  rev. 

800  rev. 

850  rev. 

400  rev. 

Sq.  In. 

105  ft. 

167  ft. 

809  ft. 

262  ft. 

814  ft. 

866  ft. 

419  ft. 

per  rain. 

permin. 

permin. 

permin. 

permin. 

permin. 

per  min. 

Lbs. 

625 

•  •  • 

•0013 

00139 

•00147 

•00167 

•00165 

•  ■  • 

520 

•  •  • 

•00123 

•00139 

•0015 

•00161 

■0017 

•00178 

415 

•  •  ■ 

•00123 

00143 

•0016 

■00176 

•0019 

•002 

310 

•  •  • 

•00142 

•0016 

•00184 

•00207 

•00225 

•00241 

205 

•00178 

•00205 

•00235 

•00269 

•00298 

•00328 

•0035 

100 

•00334 

•00415 

•00494 

•00557 

•0062 

•00676 

0073 

The  above  coefficients  x  the  nominal  load  =  nominal  frictional  resist- 

ance  per  square  inch  of  bearing. 

Nominal 

Nominal  Friction  Rebibtanoe  per  square  inch  of  bearing. 

Load 
LbiL 

per 

100  rev. 

150  rev. 

200  rev. 

260  rev. 

800  rev. 

860  rev. 

400  rev. 

8q.  In. 

106  ft. 

167  ft. 

209  ft. 

262  ft. 

814  ft. 

866  ft. 

419  ft. 

permin. 

per  min. 

permin. 

permin. 

permin. 

permin. 

permin. 

lbs. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

625 

•  •  • 

•81 

•865 

•92 

•98 

103 

•  •  • 

520 

■  t  • 

•64 

•72 

•782 

•84 

•886 

•924 

415 

••• 

•51 

•594 

•664 

•73 

•785 

•83 

310 

•.  • 

•44 

•494 

•57 

64 

•695 

•745 

205 

•364 

•419 

•48 

•56 

•61 

•67 

•716 

100 

•334 

•415 

•494 

•567 

•62 

•676 

73 

N,B, — The  bearing  carried  the  625  lbs.  per  sq.  in.  running  both  ways, 
but  seized  on  the  weight  being  increased. 

The  nominal  load  per  w\,  in.  is  the  total  load  divided  by  4  x  6. 

The  actual  load  per  sq.  m.  is  the  total  load  divided  by  3*92  x  6. 

These  quantities  were  obtained  by  a  direct  load  on  the  lever. 

This  was  a  thinner  sample  of  mineral  oil  than  that  used  in  the  previous 
experiments ;  it  was  fluid  at  50",  while  the  oil  previously  used  could  only 
be  described  as  grease  at  50°.  This  will  account  for  these  experiments 
showing  less  friction  than  the  former,  except  with  the  highest  load,  at 
which,  the  thin  oil  being  overloaded  and  on  the  point  of  seizing,  the  friction 
is  greater  than  with  the  thick  oil. 
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Experiment  showed  that  the  friction  varied  considerably  with 
temperature.  All  the  oil-bath  experiments  were  therefore  taken 
at  a  nearly  uniform  temperature  of  90';  the  variation  above  or 
below  this  temperature  was  never  allowed  to  be  more  than  1^**. 

(3)  ReavlU  of  Experiments, — The  results  of  the  experiments 
are  recorded  in  Tables  I.  to  IX.  in  the  Proceedings  of  the  Institu- 
tion of  Mechanical  Engineers,  The  general  results  of  the  oil- 
bath  experiment3  may  be  described  as  follows : — Tlie  absolute 
friction  (that  is  the  actual  tangential  force  per  sq.  in.  of  bearing, 
required  to  resist  the  tendency  of  the  brass  to  go  round  with  the 
journal)  is  nearly  a  constant  under  all  loads,  tvitfUn  ordinary 
tvorking  limits.  Most  certainly  it  does  not  increase  in  direct 
proportion  to  the  load,  as  it  should  do  according  to  the  ordinary 
theory  of  solid  friction.  The  ordinary  theory  of  solid  friction  is, 
that  it  varies  in  direct  proportion  to  the  load ;  that  it  is  inde- 
pendent of  the  extent  of  surface ;  and  that  it  tends  to  diminish 
with  an  increase  of  velocity  beyond  a  certain  limit.  The  theory 
of  liquid  friction,  on  the  other  hand,  is,  that  it  is  independent  of 
the  pressure  per  unit  of  surface,  is  directly  dependent  on  the 
extent  of  sur&ce,  and  increases  as  the  square  of  the  velocity. 
The  results  of  these  experiments  seem  to  show  that  the  friction 
of  a  perfectly  lubricated  journal  follows  the  laws  of  liquid  friction 
much  more  closely  than  those  of  solid  friction.  They  show  that 
under  these  circumstances  the  friction  is  nearly  independent  of 
the  pressure  per  sq.  in.,  and  that  it  increases  with  the  velocity, 
though  at  a  rate  not  nearly  so  rapid  as  the  square  of  the  velocity. 

The  experiments  on  friction  at  different  temperatures  indi- 
cate a  very  great  diminution  in  the  friction  as  the  temperature 
rises.  Thus,  in  the  case  of  lard  oil,  taking  a  speed  of  450  revolu- 
tions per  minute,  the  coefficient  of  friction  at  a  temperature  of 
120"*  is  only  one- third  of  what  it  was  at  a  temperature  of  60*. 

A  very  interesting  discovery  was  made  when  the  oil-bath 
experiments  were  on  the  point  of  completion.  The  experiments 
being  carried  on  were  those  on  mineral  oil;  and  the  bearing 
having  seized  with  625  lbs.  per  sq.  in.,  the  brass  was  taken  out 
and  examined,  and  the  experiment  repeated.  While  the  brass 
was  out,  the  opportunity  was  taken  to  drill  a  fin.  hole  for  an 
ordinary  lubricator  through  the  cast-iron  cap  and  the  brass.  On 
the  machine  being  put  together  again  and  started  with  the  oil 
in  the  bath,  oil  was  observed  to  rise  in  the  hole  which  had  been 
drilled  for  the  lubricator.  The  oil  flowing  over  the  top  of  the 
cap  made  a  mess,  and  an  attempt  was  made  to  plug  up  the  hole, 
first  with  a  cork  and  then  with  a  wooden  plug.  When  the 
machine  was  started  the  plug  was  slowly  forced  out  by  the  oil 
in  a  way  which  showed  that  it  was  acted  on  by  a  considerable 
pressure.     A  pressure-gauge  was  screwed  into  the  hole,  and  on 
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the  machine  being  started  the  pressure,  as  indicated  by  the 
gauge,  gradually  roee  to  above  200  lbs.  per  sq.  in.  The  gauge 
woB  only  graduated  up  to  200  lbs.,  and  the  pointer  went  beyond 
the  highest  graduation.  The  mean  load  on  Uie  horizontal  section 
of  the  journal  was  only  100  lbs.  per  Bq.  in.  This  ezperimeot 
showed  conclusively  that  the  brass  was  actually  floating  on  a 
film  of  oil,  subject  to  a  pressure  due  to  the  load.  The  pressure 
in  the  middle  of  the  brass  was  thus  more  than  double  the  mean 
pressure.  So  doubt  if  there  had  been  a  number  of  pressure- 
gauges  connected  to  various  parts  of  tiie  brass,  they  would  have 
shown  that  the  pressure  was  highest  in  the  middle,  and  dimin- 
ished to  nothing  towards  the  edges  of  the  brass.* 

*  Another  Mt  of  ezperimeDU  was  afterwardi  made  by  Mr.  Beauchamp 
Tower  in  order  to  inveatigate  thia  poiu t  mora  tboroughlv.   The  results  formed 
the  eecood  report  on  Friction  prasent«d  to  the  InetitntioD  of  Mechuiical 
Engincera  in  Janauy,   18B5.      Thia  report  confiraui  the  above  atsitemeiit. 
Small  holea  were  bored  Id  the  bnua  bush,  and  a  different  one  of  these  hav- 
ine  been  coanected  daring  each  test  with  a  Bourdon  pressure  gauge,  and 
g  having  then  been  immersed  in  an  oil  bath,  the  exact  au  pretsurea 
Mrent  points  on  the  bearing  were  measared.     The  pressure  waa 
found  to  be  greatest  a  little  to  the  off  side  of  the  centre  line  of  the  bearing— 
■*-<.,  to  that  side  towards  which  the  shaft  turned,  Dndual1}>  falling  to  zero 
at  each  edge.     It  was  also  found  lo  be  greatest  in  the  middle  of  the  Isngtb 
of  the  bearing.     The  total  upward  force  of  those  recorded  pressures  was 
found  to  be  within  a  fev  pounds  of  the  actual  total  load  on  the  bearing, 
thus  showing  that  the  load  was  wholly  snp^rted  by  the  film  of  oil  which 
existed  between  the  shaft  snd  its  brass  beanng.     Or,  to  quote  Mr.  Tower's 
own  words,  "It  was  possihie  to  make  the  brass  on  a  journal  work  so  nicely 
that  there  was  absolutely  no  metallic  contact  between  the  bras*  journal 
and  the  brass,  the  whole  of  the  weight  being  borne  by  the  oil.     It  seemed 
to  him  that  the  important  practical  inference  was,  that  it  was  actnally 
possible  so  to  lubricate  a  bearmg,  that  not  only  wonld  metallic  friction  be 
altogether  done  away  with,  and  thereby  the  amount  of  power  loat  by  fric- 
tion be  reduced,  but  metallic  wear  and  tear  voulil  also  I>e  done  awsy  with. 
He  would  not  say  that  sneh  a  result  was  actually  possible  in  practice  now ; 
but  it  was  a  reasonable  one  to  aim  at  in 
mechaniHm.     By  giving  a  sutEoiently  pro- 
fnse  lubrication,  and  by  having  the  brasses 
•o  arranged,  that  there  should  be  a  uni- 
form pressure  all  over  their  surface,  it  was 
poB-ible  to  have  wear  and  tear  between 
metal  and  oil,  instead  of  between  metal 
and  metal." 

It  is  now  generally  recognised  that  the 

oil  acts  as  a  lubricant  by  merely  fumiih' 

.-~--_j.^-^^^^T^—-.-.-^--^,-s     ing  molecules  rolling  in  between  the  two 

-  r.z^=i— =~  ■=.— ^ jr="=Z-~-^     surfaces,  bat  nnless  theae  molecules  can  bo 

■  " got  in,  there  is  no  possibility  of  the  diminu- 

JODRKAL  AND  OiL  Bath.        tion  of  friotiou.     The  accompanying  figure 

shows,  in  an  exauerated  manner,  what 

happen*  in  the  case  of  a  well  lubricated  journsJ  wneo  the  brass  is  bored 

to  a  slightly  larger  radins  than  the  shaft  and  the  oil  circulates  freely,  a* 

•hown  by  the  small  arrows. 
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The  experiments  with  ordinary  lubrication  were  begun  with 
a  needle  lubricator,  the  hole  from  which  penetrated  to  the  centre 
of  the  brass.  A  groove  in  the  middle  of  the  brass,  and  parallel 
to  the  axis  of  the  journal,  extended  nearly  to  the  ends  of  the 
bearing  for  distributing  the  oil  (see  the  first  of  the  following 
three  figures).  It  was  found,  that  with  this  arrangement,  the 
bearing  would  not  run  cool  when  loaded  with  only  100  lbs.  per 
sq.  in. ;  and  that  not  a  drop  of  oil  would  go  down  even  when  the 
needle-lubricator  was  removed  and  the  hole  filled  completely 
with  oil,  thus  giving  a  head  of  7  inches  of  oil  to  force  it  into 
the  brass.  It  appeared  as  though  the  hole  and  groove,  being  in 
the  centre  of  pressure  of  the  brass,  allowed  the  supporting 
oil -film  to  escape.  This  view  was  confirmed  by  the  following 
experiment : — The  oil-hole  being  filled  up  to  the  top,  the  weight 
was  eased  off  the  journal  for  an  instant.  This  allowed  the  oil 
to  sink  down  in  the  hole  and  lubricate  the  journal ;  but  imme- 
diately the  load  was  again  allowed  to  press  on  the  journal  the 
oil  rose  in  the  hole  to  its  former  level,  and  the  journal  became 
dry,  thus  showing  that  this  arrangement  of  hole  and  groove, 
instead  of  being  a  means  of  lubricating  the  journal,  was  a  most 
effectual  one  for  collecting  and  removing  all  oil  from  it.  It 
should  be  mentioned  that  care  was  taken  to  chamfer  the  edges 
of  the  groove,  so  as  to  prevent  any  scraping  action  between  them 
and  the  journal. 

As  the  centre  of  the  brass  was  obviously  the  wrong  place  to 
introduce  the  oil,  it  was  resolved  to  try  to  introduce  it  at  the 
sides.  Accordingly  the  centre  hole  and  groove  were  filled  up, 
and  two  grooves  were  made.  These  grooves  were  parallel  to  the 
axis  of  the  journal,  extending  nearly  to  the  ends  of  the  brass, 
and  were  placed  at  equal  distances  on  either  side  of  the  centre ; 
they  formed  boundaries  to  an  arc  of  contact,  the  chord  of  which 
was  31  inches  (see  the  second  of  the  following  three  figures). 
With  this  arrangement  of  groove  the  lubrication  appeared  to  be 
satisfi^bctory,  the  oil  going  down  into  the  journal  and  the  bearing 
running  cooL  The  bearing  nevertheless  seized  with  an  actual 
load  of  only  380  lbs.  per  square  inch. 

The  arrangement  of  grooves  was  then  altered  to  that  usual 
in  locomotive  axle-boxes  (see  the  third  of  the  above  three  figures). 
The  oil  was  introduced  through  two  holes,  one  near  each  end 
of  the  brass,  and  each  connected  to  a  curved  groove ;  the  two 
curved  grooves  nearly  enclosing  an  oval-shaped  space  in  the 
centre  of  the  brass.  At  the  same  time  the  arc  of  contact  was 
reduced  till  its  chord  was  only  2i  inches.  This  brass  refused  to 
take  its  aU  or  rv/n  cool.  It  would  sometimes  run  for  a  short 
time  with  an  actual  load  of  178  lbs.  per  square  inch,  but  rapidly 
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heated  on  the  slightest  increase  of  the  load.  The  brass  having 
been  a  good  deal  cut  about  by  altering  and  filling  up  grooves, 
it  was  considered  desirable  to  have  a  new  braas,  and  one  was 
accordingly  obtained.  The  grooves  being  made  exactly  the  tame 
aa  in  ths  last  experiment  with  the  old  one,  this  brass  seized  with  an 
aettuU  loa-i  of  only  about  SOO  lbs.  per  sqwtre  inch.  The  oil-box 
was  completely  cut  away  so  as  to  allow  &  freer  current  of  air 
round  the  bearing,  and  the  lubricator  pipes  were  soldered  into 
the  brass.     The  wicks  were  taken  out  of  the  lubricators  and  the 
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Brass  liearings. 
\i  a         . ,  Oil  holes.  I 

lubricators  filled  full  of  oil,  by  which  means  oil  was  supplied  to 
the  brass  under  a  full  head  of  9  inches  ;  and  yet  the  oil  refused 
to  go  down,  and  the  underside  of  the  journal  felt  perfectly  dry  to 
the  hand,  and  speedily  heated  with  &  load  of  only  300  lbs.  per 
square  inch. 

The  fact  that  this  arrangement  of  grooves,  which  is  found  to 
answer  in  the  axles  of  railway  vehicles,  was  found  to  be  perfectly 
useless  in  this  apparatus,  can  only  be  account«d  for  by  the  fact, 
that  a  railway  axle  has  a  continual  end  play  while  running, 
which  prevents  the  brass  from  becoming  the  perfect  oil-tight  fit 
which  it  became  in  this  apparatus.  The  attempts  to  make  this 
arrangement  of  lubrication  answer  were  not  abandoned  until 
after  repeated  trials.  It  now  became  clear  that  there  was  no 
use  in  trying  to  introduce  the  oil  directly  to  the  part  of  the 
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brass  against  which  the  pressure  acted,  and  that  the  only  way  to 
proceed  was  to  oil  the  lower  side  of  the  journal,  and  trust  to  the 
oil  being  carried  round  by  the  journal  to  the  seat  of  the  pressure. 

The  grooves  and  holes  in  the  brass  were  accordingly  filled 
up,  and  an  oily  pad,  contained  in  a  tin  box  full  of  rape  oil,  was 
placed  under  the  journal,  so  that  the  journal  rubbed  against  it 
in  turning.  The  pad  was  only  supplied  with  oil  by  capillary 
attraction  from  the  oil  in  the  box,  and  the  supply  of  oil  to  the 
journal  was  thus  very  small ;  the  oiliness  in  fact  was  only  just 
perceptible  to  the  touch,  but  it  was  evenly  and  uniformly  dis- 
tributed over  the  whole  journal.  The  bearing  fairly  carried 
-551  lbs.  per  square  inch,  and  three  observations  were  obtained 
with  582  lbs.,  out  the  bearing  was  on  the  point  of  seizing  and 
^d  seize  after  running  a  few  minutes  with  this  load.  It  will 
be  observed  that  in  this  instance,  the  bearing  seized  with  very 
nearly  the  same  load  as  it  did  in  the  oil-bath  experiment  with 
rape  oil. 

These  experiments  with  the  oily  pad  show  a  nearer  approach 
to  the  ordinarily  received  laws  of  solid  friction  than  any  of  the 
others.  The  coefficient  is  approximately  constant,  and  may  be 
stated  as  about  y^  on  an  average.  There  does  not  in  this  case 
Appear  to  be  any  well-defined  variation  of  friction  with  variations 
of  speed,  according  to  any  regular  law. 

The  results  of  &e  experiments  with  rape  oil,  fed  by  a  syphon 
lubricator  to  side  grooves,  follow  nearly  the  same  law  as  the 
results  obtained  from  the  oil-bath  experiments,  as  fi&r  as  the 
Approximate  constancy  of  the  moment  of  friction  is  concerned ; 
but  the  amount  of  the  friction  is  about  four  times  the  amount  in 
the  oil-bath. 

The  oil-bath  probably  represents  the  most  perfect  lubrication 
possible,  and  the  limit  beyond  which  friction  cannot  be  reduced 
by  lubrication;  and  the  experiments  show  that  with  speeds  of 
from  100  to  200  feet  per  minute,  by  properly  proportioning  the 
bearing-sur&ce  to  the  load,  it  is  possible  to  reduce  the  coefficient 
of  friction  as  low  as  yinnr  -^  coefficient  of -^^  is  easily  attainable, 
•and  probably  is  frequently  attained  in  ordinary  engine-bearings, 
in  which  the  direction  of  the  force  is  rapidly  alternating  and  the 
oil  given  an  opportunity  to  get  between  the  surfaces,  while  the 
■duration  of  the  force  in  one  direction  is  not  sufficient  to  allow 
time  for  the  oil-film  to  be  squeezed  out.  The  extent  to  which 
the  friction  depends  on  the  quantity  of  the  lubrication  is  shown 
m  a  remarkable  manner  by  the  following  table,  which  proves 
that  the  lubrication  can  be  so  diminish^  that  the  friction  is 
seven  times  greater  than  it  was  in  the  oil  bath,  and  yet  that  the 
bearing  will  run  without  seizing  : — 
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Comparison  of  the  Fbiohon  with  thb  Diffbrent  Methods  or 
Lubrication,  under  as  nearly  as  possible  the  same  oircum- 
stances.  Lubricant  Rape  Oil,  Speed  150  Revolutions  per 
Minute. 


Mode  of  Lubrication. 

Actual 

Load 

Lbs. 

per  sq.  in. 

Coefficient 
of  Friction. 

Compara- 
tive 
Friction. 

Oil-bath, 

Syphon  lubricator, . 

Pad  under  journal, . 

263 
252 
272 

•00139 
•00980 
•00900 

1 

7  06 
6-48 

Observations  on  the  behaviour  of  the  apparatus  gave  reason 
to  believe  that  with  perfect  lubrication  the  speed  of  minimum 
friction  was  from  100  to  150  feet  per  minute;  and  that  this 
speed  of  minimum  friction  tended  to  be  higher  with  an  increase 
of  load,  and  also  with  less  perfect  lubrication.  Bj  the  speed  of 
mLoimum  friction  is  meant,  that  speed  in  approaching  which, 
from  rest^  the  friction  diminishes,  and  above  which  the  friction 
increases. 

The  following  table  gives  the  means  of  the  actual  frictional 
resistances  at  the  surface  of  the  journal  per  square  inch  of  bear- 
ing, at  a  speed  of  300  revolutions  per  minute,  with  all  nominal 
loads  from  100  lbs.  per  square  inch  up  to  310  lbs.  per  square  inch. 

They  also  represent  the  relative  thickness  or  body  of  the 
various  oils,  and  (in  their  order,  though  perhaps  not  exactly 
in  their  numerical  proportions)  their  relative  weight-carrying 
power.  Thus  sperm  oil,  which  has  the  highest  lubricating  power, 
has  the  least  weight-carrying  power;  and  though  the  best  oil  for 
light  loads,  would  be  inferior  to  the  thicker  oils  if  heavy  pressures 
or  high  temperatures  were  to  be  encountered. 

Comparison  of  the  Friction  with  the  Various  Lubricants 
Tried,  under  as  nearly  as  possible  the  same  ciroum- 
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Lubricant. 

Mean 
Resistance. 

Lb. 
0-484 
0-512 
0-623 
0-662 
0-654 
1-048 

Per 
Cent. 

Sperm  oil, . 
Rape  oil,    . 
Mineral  oil, 
Lard  oil,    . 
Olive  oil,    . 
Mineral  grease, . 

100 
106 
129 
136 
136 
217 
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Fraotical  Examples  of  Lnbricatliig  Jonrnala. — la  the  discuMion 
which  followed  the  reading  of  the  foregoing  report,  a  method  of 
lubricating  orank-pins  was  mentioned  which  has  proved  suo- 
oessfdl. 


Method  of  LuBRiciTiHa  Ciuiis  Pncs. 
Imdu  to  PAsra. 
C  8  repT«»entB  Cruik-ahftft.  I         B  R  repreuDta  Brau  ring. 

CP         „  Cruik-pin.  O  W         „         Oil  way. 

OC         „         OUcap.  I         OH         „  Oilbolea. 

The  oil  from  the  oil  cup,  0  C,  pas§es  into  the  hollow  brass 
ring  at  R,  and  ia  driven  outwards  by  centrifugal  force  to  the 
point  B,  where  it  enters  the  oil  way,  O  W.  From  thence  it  goes 
by  the  radial  oil  holes,  O  H,  to  form  a  film  between  the  crank -pin, 
C  P,  and  the  surrounding  braes  bush  of  the  connecting-rod  end. 

In  discussing  the  third  report,  Mr.  Daoiel  Adamson  stated 
that  his  firm  had  adopted  the  method  of  cutting  a  flat  on  the 
shaft  for  the  whole  length  of  the  journal  of  about  J  inch  wide 
for  each  inch  in  the  diameter  of  the  shaft  up  to  8-tnch  shafts 
and  rather  less  for  larger  ones.  In  the  case  of  heavy  horizontal 
shafts,  such  as  those  supporting  large  flywheels,  this  method 
was  found  to  efiectually  carry  forward  the  oil  into  the  bearing 
and  thus  produce  smooth  running. 

The  two  fbllowing  figures  show  Messrs.  J.  Bagshaw  &  Son'a 


BAOBnAw's  SsLr-OiUKO  Pidutal 


88  LECTURE   VL 

Belf-oiliog  p«dest&l  and  ewivel  adjustable  irall-bracket  pedestal, 
which  have  been  designed  to  minimiae  friction  and  the  waet« 

Another  example,  of  the  recent  practice  of  lubricating  several 
journals  and  slide  blocks  from  one  com- 
mon source  of  supply  under  pressure, 
is  furnished  by  Belliss'  high-sf^ed  com- 
pound engines  for  the  direct  driving  of 
dynamos.  It  will  be  observed  from  the 
figure  on  the  nert  page,  that  not  only  the 
main  crank-shaft  bearings,  but  also  the 
crank-pins,  slide-blocks,  the  upper  ends 
of  the  connecting-rods,  the  piston-valve 
eccentric  and  its  rod,  are  all  supplied 
with  oil  from  a  small  pump  worked  by 
the  same  eccentric  which  moves  the 
piston  valve.  The  oil  is  thereby  forced 
through  each  bearing  under  a  pressure 
of  10  lbs.  per  square  inch,  and  is  again 
and  again  sent  on  its  soothing  mission 
BAOSHiw's  Swivel  *""  ™o"*^  »*  »  ^^^'  without  change 

AwnaT*BL£  Wall-  ot  great  loss  in  quantity.  A  heavy 
BaACKrr  Pkdistal.  lubricating  oil  is  used,  and  it  always 
returns  to  the  small  pump  through  a 
filter  which  removes  any  grit  which  it  may  have  picked  up  from 
the  bearings.  This  is  a  very  difTerent  state  of  matters  firom 
the  old  "travelling  oil-can"  system,  when  the  quantity  of  oil 
applied  and  the  times  of  application  were  as  erratic  as  the 
judgment  of  the  attendant. 

E^erimentB  on  Collar  Friction. — Mr.  Tower  also  carried  ont 
some  experiments  on  the  friction  of  a  collar  bearing,  for  the 
purpose  of  ascertaining  the  fiiction  in  such  cases  as  the  thrust- 
bearings  of  propeller  shafts.  The  results  of  these  experiments 
constituted  the  third  report  of  the  Research  Committee  on 
Friction  presented  to  the  Institution  of  Mechanical  Engineers 
in  May,  1888.  The  collar  or  annular  ring  experiment^  with 
was  made  of  mild  steel,  12  inches  inside  and  14  inches  outside 
diameter,  and  was  pressed  between  two  discs,  the  annular  bearing 
surfaces  of  which  were  of  gun-metal.  Great  difficulty  was 
experienced  with  the  lubrication,  which  was  effected  by  means 
of  four  diametrical  grooves  cut  in  the  face  of  the  ring,  ^  of  an 
inch  wide  and  ]  of  an  inch  long.  From  each  of  these,  there 
extended  in  the  direction  of  motion  a  shallow  serpentine  groove 
^  of  an  inch  wide  and  about  3|  inches  in  length.  These  grooves 
were  each  supplied  by  a  separate  pipe  into  irhioh  oil  was  dropped 
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from  a  reservoir.  The  minimum  amotmt  of  lubrication  neceseary 
to  prevent  excessive  beating  of  the  bearing  varied  from  60  to 
120  drops  of  mineral  oil  per  minute,  according  to  tbe  pressure 
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and  velocity  of  the  rubbing  surfaces,  but  except  with  small 
pressures,  it  was  found  impossible  to  keep  the  bearing  cool 
"without  water  running  over  it.     The  pressure  was  varied  from 
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15  to  90  lbs.  per  square  inch,  while  the  speeds  ranged  from  50 
to  130  revolutions  per  minute.  The  results  of  these  experiments 
seem  to  show,  that  (1)  this  kind  of  bearing  is  evidently  much 
inferior  to  a  cylindrical  journal  in  its  capability  of  carrying 
weight,  in  fact,  75  lbs.  per  square  inch  being  the  maximum  that 
could  be  safely  borne  at  the  highest,  and  90  lbs.  per  square  inch 
at  the  lowest  speed ;  (2)  the  friction  in  this  case  follows  the  law 
of  solid  friction  much  more  nearly  than  that  of  liquids,  or  liquids 
and  solids;  (3)  the  coefficient  of  friction  was  independent  of  the 
speed  but  diminished  slightly  as  the  load  was  increased,  and 
might  be  stated  to  be  approximately  *05  at  15  lbs.  per  square 
inch,  diminishing  to  *033  at  75  lbs.  per  square  inch.  By  &r  the 
most  important  factor,  however,  in  determining  the  friction  was 
the  rate  of  lubrication,  in  fact,  it  was  conclusively  shown  that 
the  presence  of  friction  meant  non-lubrication.  The  following 
table  shows  the  coefficient  of  friction  at  the  different  pressures 
and  speeds : — 

Friction  of  ▲  Collar  Bearing. 
{As  Condensed  by  Prof.  Unwinfrom  Mr.  Tower's  Experiments  ) 


Intensity  of 

Speed  in  Keyolutions  per  Minute. 

Pressure,  P, 
in  lbs.  per 

■quare  inch. 

60 

70 

/i.  =  -065 

00 

110 

130 

15 

fA  =:   045 

^  =  -043 

/*  *  -054 

/ci  =  -064 

30 

M     037 

„     -048 

„     050 

n    -049 

„    -048 

45 

„     036 

,.     040 

„    -036 

„    -036 

„     -037 

60 

„     029 

„    -038 

„     036 

„     037 

„    on 

67 

„     -035 

„    -033 

„     035 

„     -036 

„    -038 

76 

„    -035 

„     034 

„     035 

>*    "035 

„     -036 

82 

„     034 

„     032 

„     -035 

■  •  • 

•  •  • 

90 

„     031 

1.     044 

■  •  • 

•  a. 

•  •  • 

Mr.  Thomycrofb  (the  torpedo  boat  builder)  said,  that  he 
limited  the  pressure  on  his  thrust  bearings  to  about  50  lbs.  per 
square  inch,  and  thus  the  limit  of  70  to  80  lbs.  arrived  at  by 
these  experiments,  received  confirmation  from  his  extensive 
practical  experience  of  similar  collar  bearings.  The  pressures 
which  can,  however,  be  thus  carried,  depend  (1)  on  the  hardness 
and  truth  of  the  rubbing  surfaces.*     (2)  On  the  freedom  with 

*  Thus,  hardened  steel  working  in  a  dense  cast-iron  bearing  when  well 
lubricated  is  capable  of  withsteoiding  a  greater  pressure  per  square  inch 
ttian  anything  elise. 
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which  the  Inbricant  can  get  in  between  the  rubbing  surfaces. 
This  is  often  assisted  by  dithering  or  trembling  or  alternate 
preaaure  and  relief,  such  as  takes  place  at  the  thrust  block  of  a 
steamer.  (3)  On  the  lacilities  for  dissipating  the  heat  generated 
through  friction  bj  admitting  air  freely  to  the  bearing,  since 
the  rate  at  which  heut  was  generated  constituted  the  true  limit 
to  the  load  which  a  bearing  will  carry. 

Friction  of  a  Pivot  Bearing._The  experiments  on  this  kind  of 
bearing  formed  the  fourth  report  of  the  Research  Committee, 
which  was  presented  to  the  Institution  of  Mechanical  Engineers 
in  March,  1891.     From  the  two  following  figures  with  index 
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F  represeota  Footstep. 

B  , ,  Bearing. 

OP  „  Oil  PrcM. 

P  „  Plunger. 

3  C  „  Steel  Centra. 

L  „  Lever  Plate. 

C  ,,  Chain. 


Upright  Shaft. 
Top  of  Shaft. 
Bevel  Pinioui. 
Driving  Palley. 


to  parts,  and  the  following  abbreviated  description,  the  student 
will  hare  no  difficulty  in  comprehending  how  these  important 
experiments  were  carried  out  The  footstep,  F,  and  it«  bearing, 
B,  were  flat-ended  and  of  3  inches  diameter.     They  were  pressed 
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together  with  a  known  force  by  the  aid  of  a  Bmall  hand  oil  pump. 
The  oil  from  this  pump  {which  was  fitted  with  an  air-vessel) 
passed  below  the  plunger,  P,  of  the  oil  press,  O  P,  and,  at  the 
same  time,  it  acted  upon  the  top,  T,  of  the  vertical  shaft,  S,  to 
the  lower  end  of  which  the  footstep  was  fixed  in  the  manner 
shown  by  the  smaller  figure.  The  pressure  of  the  oil  thus 
supplied  from  the  pump  was  indicated  by  the  pressure  gauge, 
P  G.  Into  the  top  of  the  plunger,  P,  there  was  inserted  a  piece 
of  hard  Bt«el  having  a  conical  centre  or  centre-pop,  wherein 
rested  a  hard  steel  centre,  S  C,  screwed  into  the  under  side  of 
the  lever  plate,  L,  which  carried  the  bearing,  B. 

A  small  chain,  0,  was  fastened  to  this  circular  plate,  L,  and 
lay  in  the  groove  turned  in  its  periphery.  The  other  end  of  the 
chain  was  so  connected  to  a  spring-balance  (not  shown)  that  any 
tendency  of  the  plate  to  rotate  (due  to  the  friction  between  the 


Method  or  Lu^catiho  Footstbp  and  Bbabiho. 

Index  to  Pabts, 
S  repraents  Shaft.  |        U  repreMDta  Upright  Oil  Pipe. 

F         „         FooUtep.  00         „         Oil  Chamber. 

B         „         Bearing.  |        0         „  Overflow  Pipe. 

-footstep  and  the  bearing),  stretched  the  balance  and  thereby  the 
frictional  moment  between  the  footetep  and  its  bearing  was 
measured  in  inch-pounds.  The  upright  shaft,  S,  received  motion 
through  the  two  bevel  pinions,  B  P,  a  borizonUd  shaft  and  the 
driving  pulley,  D  P,  which  was  connected  by  a  belt  to  a  suitable 
motor.  The  lubrication  of  the  footstep  and  its  bearing  was 
carried  out  automatically;  for  the  arrangement  shown  in  the 
annexed  figure  acted  like  an  oil  pump.  The  mineral  oil  from 
the  pipe,  U,  passed  freely  by  gravity  to  the  centre  of  the  foot- 
step, then  radially  along  a  diametrical  groove,  spirally  over  the 
fiat  surjitce,  and  finally  it  was  forced  up  the  sides  of  the  bearing 
to  the  oil  chamber,  0  0,  from  which  it  again  passed  to  the  pipe. 
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XT,  by  the  overflow,  O.     In  fact,  the  ^Eister  the  speed  of  rotation 
the  quicker  was  the  circulation  of  the  oil.* 

Results  of  the  Experiments.  —  A  series  of  experiments  was 
first  made  with  a  steel  footstep  on  a  manganese  bronze  bearing, 
at  speeds  of  50,  128,  194,  290,  and  353  revolutions  per  minute 
with  loads  varying  from  20  to  160  lbs.  per  square  inch  of  the 
flat  surface.  The  manganese  bronze  bearing  was  then  replaced 
by  one  with  a  white  metal  bearing  sur&ce,  and  observations  of 
the  friction  at  the  various  loads  were  made  at  128  revolutions 
per  minute.  The  coefficient  of  friction  was  obtained  by  dividing 
the  readings  of  the  spring  balance  as  ascertained  in  inch-pounds 
by  the  total  load  on  the  bearing,  or  from  the  formula : — 


M  = 


A' 


Where  S  =  spring-balance  reading  in  pounds. 

„       L  =  leverage  of  chain,  t 

„       P  =  pressure  on  the  gauge  shown  in  pounds 
per  square  inch. 

„      A  «  area  of  bearing  in  square  inches. 

From  the  results  thus  obtained,  it  was  found  that  the  coefficient 
of  friction  was  slightly  larger  with  the  white  metal  than  with 
the  manganese  bronze,  but  the  difference  was  so  small  that  the 
results  may  be  looked  upon  as  identical.  Since  the  friction  was 
mainly  between  oil  and  metal,  instead  of  between  met(U  and 
metal,  it  should  be  independent  of  the  nature  of  the  metal. 
Hence,  it  may  be  urged  that  with  a  perfect  system  of  lubrication, 
applied  under  pressure  to  a  bearing  by  means  of  a  force  pump, 
it  should  not  matter  much  of  what  material  the  bearing  and 
shaft  or  pivot  are  composed,  so  long  as  they  are  perfectly  smooth 
and  true.  An  examination  of  the  results  (see  the  accompanying 
set  of  curves)  also  show  that  the  higher  the  speed  the  less  the 
coefficient  of  friction  became — e.ff.f  from  *0196  with  a  load  of  20 
lbs.  per  square  inch  at  50  revolutions  per  minute  it  fell  to  -0167 

*  It  is  worthy  of  mention  that  two  opposite  radial  grooves  were  found 
to  act  better  than  three  or  four  or  any  other  number. 

t  The  true  leverage  of  the  chain  is  the  actual  leverage  divided  by  the 
distance  from  the  centre  of  the  shaft  to  the  centre  of  frictional  resistance^ 
which  was  assumed  to  be  in  this  case  1  inch  from  the  centre  of  the  shaft. 
The  centre  of  frictional  resistance  being  assumed  to  be  1  inch  ^m  the 
centre  of  the  shaft,  we  have :  — 

F  X  1  =  S  X  L 
i,e,f  the  moment  of  frictional  resistance  =  S  x  L. 
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at  353  revolutions  per  minute  with  the  same  load ;  and  from 
0221  at  50  revolutions  and  120  lbs.  load  to  0054  at  353  revolu- 
tions and  the  latter  load.  Unfortunately,  we  think  it  was  not 
proved  how  much  of  this  reduction  of  the  coefficient  was  due  to 
increase  of  speed  per  se;  or  whether  the  lower  coefficient  could 
not  have  been  got  at  the  lower  speeds  if  equally  good  lubrication 
had  been  maintained.     Some  of  this  reduction  at  least  (in  the 
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Curves  Showing  Results  of  Experiments  on  Pivot  Friction.* 


absence  of  direct  observation  on  the  point)  may  be  put  down  to 
the  better  lubrication  which  the  bearing  or  pivot  automatically 
received  at  the  higher  speeds.  Also,  in  actual  practice,  when- 
ever dithering  or  trembling  comes  into  play,  the  lubricant  gets 
more  readily  between  the  surfaces  and  thus  produces  more 
thoroughly  the  effect  of  liquid  friction. 

In  the  discussion  which  took  place  on  the  above  reports,  it  was 
pointed  out  that  the  introduction  of  two  or  more  loose,  hardened, 
steel  washers  between  the  bottom  of  the  footstep  and  its  bearing, 
or  between  a  collar  and  its  bearing,  enabled  heavier  loads  to  be 
carried  than  without  them.  A  difference  of  opinion  was  ex- 
pressed as  to  their  precise  action.  We  think,  however,  that 
Mr.  Tower's  explanation  was  the  best,  viz. : — that  only  one  pair  of 

*  It  would  have  been  better,  if  after  markine  the  points  showing  the 
several  observations,  smooth  carves  had  been  drawn  through  the  mean 
positions.  We  have,  however,  reproduced  the  above  figure  direct  from  the 
rrocMdvngt  oftht  JnstUtUion  of  liechanieal  Engineers, 
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these  interposed  discs  were  rubbing  at  one  time,  but  when  these 
became  heated  the  smallest  tendency  to  seize  occasioned  more 
friction  between  the  working  pair  than  between  some  other 
pair;  consequently,  these  latter  took  up  the  work  and  thus  the 
work  was  alternately  divided  between  the  several  pairs  of  discs, 
giving  time  for  each  pair  to  cool  before  they  again  come  into 
.action. 

Experiments  on  the  Friction  of  Railway  Brakes.* — In  1878, 
Oaptain  Douglas  Galton  and  Mr.  George  Westinghouse  carried 
out  some  careful  experiments  on  the  friction  of  railway  brakes. 
The  brake  blocks  were  made  of  cast-iron  and  the  wheels  had 
steel  tyres.  The  pressure,  and  also  the  friction,  between  the 
brake  blocks  and  peripheries  of  the  wheels  were  automatically 
recorded  by  means  of  hydraulic  gauges.  Two  series  oi  experi- 
ments were  made;  the  first,  to  determine  the  coefficient  of 
friction  between  the  brake  blocks  and  the  tyres,  which  we  shall 
term  the  ''brake  coefficient";  and  the  second,  to  determine  the 
<x)efficient  of  friction  between  the  wheels  and  the  rails,  when  the 
former  were  "skidded,"  or  prevented  from  rotating,  which  we  shall 
term  the  **  rail  coefficient.''  From  these  experiments,  the  brake 
coefficient  was  generally  greater  with  low  than  with  high  speeds. 
Thus,  immediately  after  the  application  of  the  brakes,  the  brake 
coefficient  was  0*18  for  a  speed  of  17  miles  per  hour,  while  at  a 
speed  of  47^  miles  per  hour,  the  coefficient  was  only  0*132. 
After  the  brakes  bad  been  on  for  5  seconds  the  coefficients  at 
these  speeds  were  0*157  and  0*07  respectively.  When  the 
brakes  had  been  on  for  15  seconds,  the  coefficients  were  further 
reduced  to  0*11  and  0*055  respectively.  Thus  we  see,  that  the 
brake  coefficient  not  only  diminished  as  the  speed  increased,  but 
diminished  the  longer  the  brake  had  been  in  contact  with  the 
wheel.  As  the  speed  decreased,  the  friction  between  the  wheel 
and  the  brake  continued  to  increase,  until  it  became  equal  to  the 
friction  between  the  wheel  and  the  rail.  Then  the  wheel  ceased 
to  rotate  and  skidded  along  the  rail.  The  "  rail  coefficient "  was 
much  lower  than  the  "  brake  coefficient "  and  increased  as  the 
speed  decreased.  This  increase  was  slow  at  first  but  increased 
greatly  as  the  speed  got  less,  until,  when  the  carriage  was  about 
to  stop,  or  just  before  skidding,  it  became  even  greater  than  the 
**  brake  coefficient.".  The  raQ  coefficient  was  also  found  to  be 
greater  with  steel  tyres  on  iron  rails  at  high  speeds,  than  with 
steel  tyres  on  steel  rails.! 

*  See  Proc.  Inst,  M,K,  Jnne  and  October,  1878,  and  April,  1879. 

t  In  The  Prarlical  Engineer  for  July  20,  1894,  p.  49,  it  is  stoted  that 
soft  forged  steel  brake  ahoes  have  been  proved  to  last  maoh  longer,  wear 
the  wheels  less,  and  to  be  quite  as  effective  as  cast-iron. 
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Friction  between  Water  and  Bodies  Moving  through  it* — 
The  frictional  resistance  between  water  and  bodies  passing 
through  it  has  been  investigated  by  Col.  Beaufoy  in  a  memor- 
able series  of  experiments  carried  out  in  the  Greenland  Dock^ 
near  London,  early  in  this  century,  and  more  recently  by 
Dr.  William  Froude  at  Ohelston  Cross,  and  by  Dr.  Tidemaa 
at  Amsterdam. 

Dr.  Froude's  experiments,  being  the  most  thorough  and  con- 
clusive, and  those  most  commonly  referred  to  in  the  calculationa 
involved  in  the  resistance  of  ships,  we  shall  briefly  describe 
them,  as  well  as  give  a  few  of  his  results. 

They  were  made  in  a  still  water  tank  278  feet  long,  36  feet 
wide,  and  8  feet  9  inches  deep. 

The  surfaces  experimented  upon  were  wooden  planks,  ^  inch 
thick,  varying  from  1  foot  to  50  feet  long,  having  both  bow  and 
stem  sharpened  so  as  to  eliminate  resistances  other  than  fric- 
tional. These  planks  (with  their  upper  edges  1^  inches  below 
the  water  level)  were  suspended  from  a  care^Uy  balanced  frame- 
work (^ree  to  swing  without  friction  fore  and  aft)  attached  to  & 
dynamometric  truck  (set  in  motion  by  an  endless  steel  rope)  on 
rails  fixed  over  the  tank  and  running  its  entire  length.  The 
resistance  of  the  specimen  was  communicated  through  a  spiral 
spring  to  a  lever,  actuating  a  pen  which  recorded  the  tension  on 
a  cylinder  revolving  synchronously  with  the  wheels  of  the  truck. 
The  time  was  separately  registered  by  means  of  a  pen  connected 
with  a  chronometer. 

Dr.  Froude  set  himself  to  determine  : — 

1.  The  law  of  the  variation  of  the  resistance  in  terms  of  the 
velocity. 

2.  The  law  of  the  variation  of  the  resistance  in  terms  of  the 
length  of  surface. 

3.  Variations  of  resistance  with  varying  qualities  of  sur£»ce. 
The  second  of  these  problems  requires  a  word  of  explanation. 

Whereas,  with  short  lengths,  the  resistance  varied  sensibly  as  the 
squares  of  the  velocities,  the  rate  of  variation  was  found  to  fall 
continuously  as  the  lengths  were  increased,  until  it  became  as 
low  as  the  1*83  power  of  the  velocities  with  a  specimen  of  50  feet, 
which  was  the  greatest  length  experimented  upon.  Dr.  Froude 
has  pointed  out,  that  the  cause  of  this  diminution  is  to  be  sought 
in  the  effect  of  the  forward  motion,  imparted  by  the  friction  of 
the  surface  to  the  stream  lines  in  contact  with  it,  or  nearest  to  it. 
These  stream  lines  have  consequently  a  lower  velocity,  relatively 

*  This  latter  part  of  Lecture  VI.  was  kindly  coDtribated  by  Mr.  Robert 
Caird,  of  Messrs.  Caird  k  Co.,  Shipbuilders  and  Engineera,  Greenock. 
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to  the  specimen  being  towed  past  them,  than  the  undisturbed 
water. 

The  law  of  variation  in  terms  of  length  of  surface  has  not  yet 
been  satisfactorily  investigated  for  lengths  beyond  50  feet,  and 
further  experiments  are  very  desirable. 

The  foregoing  table  sums  up  the  results  of  these  frictional 
experiments.     The  columns  A,  B,  and  0  respectively  refer  to : — 

A.  The  power  of  the  velocity,  to  which  the  resistance  is 
sensibly  proportional. 

B.  Resistance  in  pounds  per  square  foot  of  surface  taken  as  a 
mean  resistance  over  the  whole  length. 

C.  Resistance  per  square  foot  taken  at  the  specified  distances 
abaft  the  cut  water  which  are  given  at  the  head  of  the 
columns. 

The  resistances  in  this  Table  are  those  due  to  a  velocity  of 
600  feet  per  minute. 

The  following  table  is  deduced  from  these  experiments  and 
is  in  a  form  suitable  for  the  Naval  Architect : — 

TABLE  n. 

Froude's  Frictional  Constants  for  Salt  Water,  Paraffin  or 

Smoothly  Painted  Surfaces. 


Power 

Power 

Length  of 
Vessel  or 

Coefllcientof 
Friction. 

according 
to  which 
Friction 

Length  of 
Vessel  or 

Coefficient  of 
Friction. 

according 
to  which 
Friction 

Model  in 

Varies. 

Model  in 

Varies. 

Feet. 

Feet. 

M- 

n 

/* 

n 

8 

•01197 

1*825 

80 

•00933 

1-825 

9 

•01177 

90 

•00928 

10 

•01161 

100 

•00923 

12 

•01131 

120 

•00916 

14 

•01106 

140 

•00911 

16 

•01086 

160 

•00907 

18 

•01069 

180 

•00904 

20 

•01055 

200 

*00902 

25 

•01029 

• 

250 

•00897 

30 

•01010 

300 

•00892 

35 

00993 

•              • 

350 

•00889 

40 

•00981 

400 

•00886 

45 

•00971 

■  — 

450 

•00883 

60 

•00963 

500 

•00880 

60 

-00950 

550 

•00877 

70 

•00940 

600 

•00874 
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Frlctlonal  Resistance  of  a  Ship  Propelled  throagh  Sea  Water. — 
The  frictional  resistance  of  a  ship  is  readily  calculated  from 
Table  II.  by  the  formula : — 

Where,  R  =  Resistance  in  pounds. 
fL  »  Coefficient  of  friction. 
S  8  Wetted  surface  in  square  feet. 
V  =  Velocity  in  knots, 
n  =  The  power  according  to  which  friction  varies. 

The  total  resistance  of  a  ship  when  propelled  through  water  is 
composed  of: — 

1.  Frictional  resistance. 

2.  Eddy-making  resistance. 

3.  Wave-making  resistance. 

The  total  resistance  of  a  model  is  measured  by  a  dynamometric 
apparatus  identical  with  that  described  above.  From  it,  the 
frictional  resistance  calculated  from  the  table  is  deducted  and 
the  balance  is  the  eddy-making  and  wave-making  resistance  (or 
residuary  resistance).  The  calculation  of  the  residuary  resistance 
of  an  actual  ship  from  that  of  a  model  follows  what  is  called 
Fronde's  Law  of  Comparison,  which,  briefly  stated,  is  : — 

If  the  linear  dimensions  of  a  ship  are  X  times  those  of  its 

model,  and  if,  at  the  velocities  t?^,  v^v^  .  .  .  of  the  model 
in  water,  the  resistances  are  r^,  r^  r^  ,  .  ,  then  the  resistances 
Rj,  Rj,  Rj   .    .    .    of  the  ship,  at  the  velocities  V^,  Vj,  Vj   .    .    . 

{which  are  respectively  equal  tov^/^X;  v^s/^l  ^z>/^  •  •  •)  ^^^ 
be  Rj  =  X  r^;  Rj  -  X  rg,'  Rg  =  x'  rg    .     .     . 

Example. — Applying  the  foregoing  to  the  following  case  : — 

Model  10  fl.  long ;  M94  fb.  broad ;  0-556  ft.  draught  of  water. 
Ship  360      „       ;        43       „        ;        20 

X  =  36 ;  s/^  «  6 ;   X*  =  46,656.   ■ 

Calculation  of  Frictional  assistance: — 

fi-^  -00888  (from  Table  II.) 

S  »  24,500  square  feet. 

V  .^  12  knots. 
..     V'"^  =  93-219. 

R  =  ^  S  V"  =  20,280-7  lbs.  =  9-053  tons. 
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Betidwsry  Ship  Rttittanee. — If  At  a  velocity  of  3'378  feet  per 
second  (equal  to  2  knota)  the  tank  trial  of  the  model  givea  & 
residuary  resiatAUce  r  —  -23  lb.,  the  oorresponding  speed  of  th» 
ship  will  be : — 

tt  ^X  =  3-378  X  6  =  20-268  feet  per  second. 
„  „  =  1216  feet  per  minute. 

„  „  -=  12  knot*. 

Aitd  the  residuary  resistance  of  ^e  ship  at  that  Telocity 
will  be: — 

X'r  =  46,656  x  -23  =  10,731  Iba.  -    479  tons. 
Total  Ship  R«»i»tanee ; — 

Frictional  resistance  (as  above)  —    9-053  tons. 
Besiduary  reaistauce  (      „     )  ■■    4-790    „ 

Total  resistance  -  13-843     „ 
Beduoing  this  to  horae-power  it  becomes : — 

""'  %?„*!"  ""  -  "«■«  =«*'*"  H.ni..pm». 
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The  calculation  may,  otherwise,  be  made  directly  from  the 
total  resistance  of  the  model,  correcting  for  surface  friction  by 
the  method  elaborated  by  Mr.  B.  E.  Froude  in  his  paper  read 
before  the  Institute  of  Naval  Architects  in  1888. 

The  above  diagram  shows  the  results  of  a  similar  calculation 
in  graphic  form.  This  figure  is  reproduced  fix>m  an  actual 
diagram  worked  out  fiom  a  tank  trial  where  X  (or  the  linear 
ratio  of  dimensions  between  ship  and  model)  was  equal  to  2& 
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Lkotubb  VI.— QoBsnoKa. 

1.  Give  a  oonciae  acoonnt  of  General  Morin's,  Him's,  and  Tharston** 
experiments  on  friction,  and  explain  wherein  their  concluBions  fell  short 
of  the  results  arrived  at  by  the  Institution  of  Mechanical  £np;ineer8. 

2.  Give  an  account  of  some  experiments  on  the  friction  of  a  well 
lubricated  journal,  and  state  what  has  been  ascertained  as  to  the  magni- 
tude of  the  friction  under  varying  loads,  temperature,  and  velocity.  Also- 
state  what  yoi)  know  a^  to  the  intensity  of  tne  pressure  at  different  pointa 
of  the  bearing  surface.     (S.  k  A.  Mach.  Const.  Hons.  Exam.,  1885). 

3.  Give  the  results  of  some  experiments  which  have  been  made  to 
determine  the  coefficient  of  friction  in  a  well  lubricated  bearing,  and  the 
greatest  pressure  to  which  the  bearing  may  be  subjected.  State  also  at 
what  portion  of  the  surface  of  the  bearing  the  lubricant  should  be  intro- 
duced. Describe  and  give  a  sketch  of  the  construction  of  a  bearing  for  a- 
shaft  which  is  required  to  run  at  a  very  hish  speed,  assuming  that  the- 
revolving  parts  cannot  be  perfectly  balanced.  (S.  ft  A.  Mach.  Const. 
Hons.  Exam.,  1890). 

4.  Describe  and  sketch  any  form  of  machine  for  measuring  the  friction 
of  lubricated  journals.  Show  how  you  would  deduce  from  it  the  co* 
efficient  of  friction.     (C.  ft  G.  of  L.  Mech.  Eng.  Hons.  Exam.,  1892). 

5.  Give  a  short  account  of  Mr.  Beauchamp.  Tower's  experimenfcs  and 
results  on  the  friction  of  collar  bearings. 

6.  State  what  you  know  about  the  friction  of  pivot  bearings.  Sketch 
and  describe  any  apparatus  which  has  been  used  for  determining  the  same. 

7.  What  is  your  idea  of  the  most  perfect  system  of  lubricating  engine- 
bearings  ?    Give  reasons  for  your  answer,  with  sketches. 

8.  State  what  you  know  about  the  friction  between  railway  carriage- 
wheels  and  their  brakes  and  the  permanent  way  rails. 

9.  How  is  the  frictional  resistance  between  a  moving  ship  and  sea  water 
determined?  What  is  meant  by  residuary  and  total  ship  resistance? 
Work  out  an  original  example  to  determine  the  effective  horse-power 
required  to  propel  a  ship  400  feet  Ions,  50  feet  broad,  and  25  feet  draught 
ftt  15  knots,  assuming  the  constants,  ftc.,  given  in  the  lecture. 

10.  Describe,  without  too  much  mathematics,  the  explanation  given  by 
Professor  O.  Reynolds  of  Mr.  Beauchamp  Tower's  experiments  on  journal 
friction.     (S.  ft  A.  Hons.  Exam.,  Part  II.,  1898.) 

11.  How  do  tank  experiments  give  information  as  to  the  indicated  power 
of  the  engines  of  a  ship  which  is  oeing  designed  ?  (S.  ft  A.  Hons.  Exam. » 
Part  IL,  1898.) 
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CoNTKifTS.— Cftloulation  of  Work  Lost  by  Friction  in  JoamaU— Example 
I. — Corrections  for  Twisting  Moment  on  Crank  Skaft  of  Engine — 
RoUine  Friction — Tractive  Force— Anti- Friction  Wheels — Friction  of 
Flat  Pivots  and  Collar  Bearings  —  Friction  of  Conical  Pivots  — 
Examples  II.  and  III. — Schiele's  Anti- Friction  Pivot  —  Frictional 
Resistance  between  a  Belt  or  Rope  and  a  Flat  Palley — Example  IV. — 
Resistance  to  Slipping  of  a  Rope  on  a  Grooved  Pnlley — Qnestions. 

Calculation  of  Work  Lost  by  Friction  in  Journals. — If  Coulomb's 
laws  of  friction  be  applied  to  the  case  of  cylindrical  surfaces, 
then  the  frictional  resistance  to  rotation  of  a  cylindrical  journal 
in  its  bearing  (measured  along  its  tangent  to  the  surfisuses  in  con- 
tact) would  be  F  =  ^bR;  where,  B  is  the  total  normal  pressure 
acting  on  the  journal.  This  would  probably  be  the  case  if  the 
journal  and  Its  bearing   were  in  contact  along  a  very  narrow 

longitudinal  area  parallel 
to  the  axis  of  the  journal. 
If,  however,  the  journal 
and  bearing  are  well  worn 
and  a  good  fit,  then  con- 
tact Will  take  place  over 
a  considerable  area,  and 
the  distribution  of  pres- 
sure will  vary  from  point 
to  point. 

Suppose  we  consider  a 

Feiction  of  Jouknalb.  ^®^  ,  ?**^i»g      horizontal 

cylindncaJ  journal  and  its 
bearing,  acted  on  by  vertical  forces,  the  resultant  of  which  is  E. 

Let  p  =  intensity  of  the  normal  pressure  on  any  longitudinal 
area — for  example,  a  b. 
the  friction  along  the  narrow  longitudinal  area  at  a  6. 
the  length  of  the  journal. 

Then,  j9  x  a  6  x  Z  =  Total  normal  pressure  on  the  area  a  h. 
Besolving  vertically,  we  get : — 

R  =  2  (;?  cos  ^  X  a  (  X  Q. 
Or,  R  =  Z  2  (p  cos  tf  X  a  6) (1) 
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If,  ft,  »  Coefficient  of  friction  between  the  journal  and  its 

bearing. 

And,        E  =  Total  friction  over  the  whole  bearing. 

Then,       F  =  2/=  A^^  Zjt?  x  a6 (2) 

If  we  knew  the  law  according  to  which  p  varies  from  point  to 
point,  it  would  be  an  easy  matter  to  calculate  the  frictional 
resistance  in  this  case.  When  the  journal  and  its  bearing  are 
well  worn  and  a  good  fit,  we  may  assume  that  the  intensity  of 
pressure  at  any  point  will  vary  as  the  vertical  distance  of  the 
point  below  the  diameter  A  B  : — 

*.«.,  j9  X  O  N. 

But  this  is  the  same  law  as  that  which  would  be  followed  by 
A  heavy  liquid  enclosed  in  the  semi-cylindrical  space  A  0  B,  the 
total  weight  of  the  liquid  being  B. 

We  know,  that  in  such  a  case,  t^e  total  normal  pressure  on 
the  cylindrioeJ  surface  A  C  B,  would  be  s  area  of  swrfcLce  A  C  B 
X  depth  of  eg.  of  surface  below  A  B  x  weight  of  a  cubic  unit 
of  the  liqwid. 

Let,  d  s=  diameter  of  journal. 

Then,  Area  of  semi-cylindrical  \         a        i^^/ 

surface  ACB  f  =  -^'4*^'- 

d 
And,  Depth  of  eg.  of  surface  below  A  B  =  as  =  *. 

We  now  require  to  find  the  weight  of  a  cubic  unit  of  the 
hypothetical  liquid  in  A  0  B. 

Let^  w  =  weight  of  a  cubic  unit. 
Then, 

Vol,  of  semircylinder  A  0  B  x  w  =  R, 

i^d^lxw^R. 
Or,  W'. 


vd  I 


Hence,  The  total  normal  pressure  \  ^  j^  ^^ 
over  whole  surface  A  C  B  J  ** 
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But  from  Eqiutioa  (2)     .     .     .    F  =  ^ Z  ^p  xab. 
Hence, F-/i-U  =  -|itR. 

The  frictional  moment,  M  —  F  x  ^'^  -d/^R. 

,-,    Work  lost  in  friction  In  one )      „      »        a  j    v    it\ 
tnmofionma!  |  =  M  x  2<r  =  4d/.R.    {I> 

This  result  is  only  true  on  the  assumption  that  the  normal 
pressure  varies  as  tbe  depth  of  the  point  below  A  B,  and  since 
the  surfaces  are  cylindrical,  it  is  douDtAil  if  /t  has  ^e  same  value 
as  in  the  case  of  plane  sur&ces. 

If  the  bearing  be  so  well  worn  that  ita  radius  of  curvature  is 
slightly  great«r  than  that  of  the  journal,  we  may  suppose  con- 
tact to  occur  along  a  narrow  longitudinal  area  parallel  to  the 
axis  of  the  journal.     This  state  of  affairs  is  shoun  in  an  ex- 
aggerated manner,  by  the  annexed  figure.     The  small  area  on 
which  the  journal  bears,  is  not  situated  exactly  at  0  (the  lowest 
part  of  the  bearing),  but 
at  or  near  D,   such  that 
the    .si  0  O  D   =   p,     the 
"angle  of  friction."     This 
is  due  to  the  shaft  tend- 
ing  to  climb   out  of  its 
bearing.       When   the    in- 
clination  of   the    surfaces 
in  contact  is  equal  to  the 
angle  of  friction,  then  slip- 
ping   takes    place.       Thb 
occurs  when  the  shaft  bears 
at   D,    since    the    tangent 
plane  at  that  place  is  in- 

FnianoK  o.  a  Woks  JouRNii.  "J'^f'i  **  "^  *»«'«'  ft  ^ 

the  horizon. 
Let  R  =  BesvlUnt  force  acting  on  the  shaft,  which  for  the 
present  may  be  supposed  to  act  verticaUy  downwards  through 
the  centre  of  the  shaft.  At  T>,  introduce  a  force  equal,  parallel, 
and  opposite  in  direction  to  B.  Then  this  is  the  resultant ' 
reaction  (i.e.,  the  resultant  of  the  normal  reaction  and  friction) 
at  the  point  D.  Through  0,  draw  the  common  perpendicular 
O  6,  to  the  forces  B.  llien  those  two  forces  form  a  couple, 
whose  moment  =  R  x  0  6.  This  frictionol  moment  resists  th» 
rotation  of  the  shaft. 
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M  =  R  X  O  6. 

d 
But^  O  6  =  O  D  sin  f  =  ^  sin  p. 

M  s  ^  R  cf  sin  f. 

Henoe, 

Work  lost  in  friction  in  )       ,  -      „         p    w  a5«  ^     /tt  \ 
one  turn  of  journal    }  =  Mx2^  =  R^(/Bin^.    (11.) 

-_.,  tan  <p  /x 

Where,  sin  9  = 


is/\  +  tan*p       v^l  +  fj?' 

For  w^ll  lubricated  journals  f  is  very  small,  so  that  we  may 
assume  that  sin  <p  »  tan  f  ~  yx. 

Then,  Work  lost  in  friction  in  )      ^      o  w    n    /tt  v 

one  turn  of  journal      }=Mx2^=^(/^E.  (II^) 

For  practical  purposes  it  is  more  convenient  to  use  formula 
(lift)  than  (I)  or  (Ila)}  remembering  that  /ct  is  a  special  ooefiicient 
for  journals,  to  be  determined  by  experiment. 

We  have  seen,  that  the  resultant  reaction  of  the  bearing  at  I> 
is  R  and  acts  vertically  upward.  This  reaction  is  tangential  to 
a  small  circle,  a  b,  which  can  be  described  about  O,  and  is  spoken 
of  as  the  "/rictian  circle"  Let  d^^  be  the  diameter  of  the  friction 
circle. 

Then,  R  X  ^1  =  M  =  ^rf/£,R. 

d^^/^d (Ill) 

i.6..  Diameter  of  friction  circle  ^  m,  x  diameter  of  journal 

Hence,  in  cases  of  journal  friction  it  is  often  convenient  to 
draw  the  friction  circle,  and  then  the  direction  of  the  resultant 
reaction  of  the  bearing  may  be  easily  determined.  This  resultant 
reaction  is  always  a  tangent  to  the  friction  circle. 

If  the  bearing  has  a  cover,  the  resultant  force,  R,  must  be 
increased  by  the  tension  in  the  bolts  holding  down  the  cover 
when  calculating  M. 

Example  I. — A  horizontal  shaft,  4  inches  in  diameter,  resting 
in  bearings  at  its  ends,  transmits  power  to  various  machines  by 
means  of  belts  passing  over  pulleys  keyed  to  the  shaft  The 
tension  in  the  belts  causes  a  horizontal  force  of  1,500  lbs.,  and 
a  vertical  downward  force  of  500  lbs.  in  a  plane  at  right  angles 
to  the  shaft.    The  weight  of  the  shaft  and  pulleys  is  10  cwts. 
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Coefficient  of  friction  between  the  shaft  and  its  bearings  is  OOT. 
Find  the  horse-power  lost  in  friction,  the  shaft  maJdng  100 
recolutioDB  per  minute. 

Anbwer. — The  forces  acting  on  the  shaft  ore  (1)  a  horizontal 
force  of  1,500  lbs. ;  (2)  a  vertical  force  of  500  +  10  x  112  =.  1,620  lbs. 
Since  these  forces  act  at  right  angles  to  each  other,  the  resultant 
pressure  on  the  bearings  will  be: — 


R  -  VP*  +  Q*  -  Vl600*+  1620'  =  2207-8  lbs. 


FoBCEB  Acting  on  a  Shatt. 

Each  bearing  la&y  or  maj  not  sustain  equEil  shares  of  this 
resultant  load.  This  will  depend  on  the  arrangement  of  the 
pulleys  on  the  shaft.  Kevertheless,  we  may  consider  only  one 
bearing  of  the  shaft,  and  suppose  the  resultant  load  on  this 
bearing  to  be  R  —  2207'8  lbs.  Hence,  from  the  formula  already 
obtained,  we  get : — 


Work  lost  in/rietion  in\  ,    „ 

oruiturno/ihaft         j  =  "df^^- 

■xdn/iK 


H.P.  lost  in  friction 


33,000   ' 
22 


■  -49. 


100  X  -07  > 


CorrectioiiB  for  TwiBting  Moment  on  Crank  Shaft  of  Engine. — 
Let  O  C  be  the  crank,  and  H  C  the  connecting-rod  of  an  ordinary 
direct  acting  engine.  Let  P  -=  total  effective  pressure  on  cross- 
head  pin  at  H.     Then,  it  is  shown  in  the  antbor's  Texi-Book  on 


TWISTING  MOMENT  ON   A  CRANK  SHAFT. 


10^ 


Steam  Engines,  p.  158,  that  the  twisting  moment  on  the  crank 
shaft  at  O  is  P  x  O  V ;  where  V  is  the  point  of  intersection  of 
the  centre  line  of  the  connecting-rod  with  the  line  through  O  per-' 
pendicular  to  centre  line,  H  B,  of  the  engine.  This  method  of 
calculating  the  twisting  moment  at  any  point  of  the  stroke  is 
adopted  when  we  wish  to  neglect  the  friction  of  the  journsjs 
at  Hy  C,  and  O.     We  shall  now  determine  the  effect  on  the^ 


FiHDiNO  THB  Twismra  Momskts  on  Crank  Shait. 

twisting  moment  when  the  friction  of  the  journals  is  takei^ 
into  account. 

Draw  the  friction  circles  for  the  journals  at  H,  C,  and  O,  as- 
described  above.* 

Then  the  resultant  pressure  on  a  bearing  must  be  tangential 
to  its  friction  circle.  Therefore,  the  thrust,  Q,  along  the  con- 
necting-rod must  be  tangential  to  the  friction  circle  at  H, 
and  also  to  the  friction  circle  at  C.  If  the  student  considers 
the  direction  of  motion  at  H  and  C,  he  will  observe,  that  the 
line  of  thrust  (which  is  a  common  tangent  to  the  circles  at 
H  and  C)  must  oe  drawn  as  shown.  Thus,  the  thrust  is  actually 
along  K  V  instead  of  H  Y .  This  takes  friction  into  account  so* 
far  as  the  crosshead  and  crank-pin  bearings  are  concerned. 

Let  W  represent  the  total  vertical  load  on  the  crank-shafb,. 
including  the  weight  of  the  shaft  itself.  The  crank-shaft  is  then 
acted  on  by  two  forces,  Q^  and  W,  as  shown,  Q^  being  equal  and 
parallel  to  Q  along  R  D.  The  resultant  of  tiiese  two  forces  is  R, 
and  the  reaction  of  the  bearing,  which  is  also  B^  acts  in  the- 
direction,  G  R,  parallel  to  O  B,  and  tangential  to  the  friction, 
circle  at  O. 


*  On  the  figure  the  friction  circles  for  these  three  journals  have  beeii< 
drawn  to  a  very  mnoh  exaggerated  scale  for  the  sake  of  deamc 
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Let  GR  out  O  Y  at  the  point  £.     Then  :— 

Effective  twisting  moment  on  crank  shaft  »  P  x  £  D. 

For,  from  what  has  been  already  said: — 
Twiiting  moment  due  to  thrust  Q  along  K  D  =  P  x  O  D. 

Where  P  is  the  horizontal  component  of  Q,  or,  what  is  the 
-same  thing,  P  is  the  total  pressure  acting  on  the  piston. 

Similarly,  since  the  horizontal  component  of  R  =  horizontal 
^component  of  Q  =  P. 

The  reeiating  moment  due  to  R  along  Q  R  w  =  P  x  O  "K* 


•  • 


• 

It  is  evident,  that  as  D  approaches  E,  the  effective  twisting 
moment  on  the  crank  shaft  diminishes,  until  when  D  coincides 
with  E  there  will  be  no  effective  moment  acting  on  the  crank. 
This  will  occur  at  four  positions  of  the  crank ;  two  on  either  side 
•of  centre  line  of  the  engine.  The  angle  which  the  crank  makes 
with  the  centre  line  of  the  engine  when  D  coincides  with  E, 
is  called  the  " dead  angle"  and  when  the  crank  lies  within  this 
.angle  (on  either  side  of  engine  centre  line),  no  pressure,  however 
great,  applied  to  the  piston  will  move  the  engine.  If  the  position 
^f  the  crank  had  been  taken  in  any  other  quadrant,  say,  in  the 
quadrant  YOB,  then  the  direction  of  the  thrust  Q^  would  be 
such  that  K  D,  the  common  tangent  to  the  friction  circles  at  H 
and  0,  would  be  drawn  below  the  centre  line  H  0.  The  direction 
-of  the  common  tangent  H  D  should,  however,  present  no  diffi- 
>culty  if  the  student  only  pays  attention  to  the  direction  of 
rotation  of  the  journal  in  its  bearing. 

Rolling  Friction. — The  resistance  which  is  experienced  when 
a  wheel  or  cylinder  is  rolled  along  a  rough  horizontal  plane  is 
•called  RoUing  Beaistance,  or  RoUing  Friction,  This  resistance 
is  in  general  much  less  than  sliding  friction.  It  depends  on  the 
radius  and  breadth  of  the  wheel  and  also  on  the  nature  of  the 
surface  over  which  the  wheel  rolls.  It  is  found  by  experiment, 
that  the  resistance  to  rolling  on  a  horizontal  plane  is  expressed 
.by  a  formula  of  the  form 

P  =  —  c. 

r 

*  The  thmst  R  aloDg  ER  Ib  in  a  similar  oondition  to  the  thmst  Q  alonff 
K  D  ;  that  is  to  say,  the  friction  circle  at  0  can  be  looked  upon  as  a  smaU 
•crank-pin  circle  and  E  R  the  direction  of  thrust  of  the  connecting-rod. 
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wnere, 

P 
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w 

}) 

r 

1} 

c 

Pull  required  to  overoome  the  resistaitce  (as 
measured  by  a  horizontal  force  at  the  axis  of 
the  rolling  body). 

Total  weight  of  the  rolling  body. 

Radius  of  rolling  body. 

Constant  length  measured  in  the  same  units  as  r 
(depending  on  the  nature  of  the  surfeuses  in 
contact). 

We  can  best  explain  the  nature  of  this  resistance,  and  how  the 
above  formula  is  obtained,  by  considering  the  case  of  a  cylinder 
or  broad  wheel  rolling  along  an  ordinary  road.  In  such  a  case, 
the  wheel  sinks  into  the 
ground  and  leaves  a  rut 
along  its  course.  The  depth 
of  this  rut  will  depend  on 
the  total  weight,  W,  on  the 
wheel,  the  radius,  r,  and 
the  softness  of  the  ground. 
The  result  of  the  sinking 
is,  that  the  force,  P,  applied 
at  C  is  employed  in  con- 
tinually drawing  the  wheel 
over  an  obstacle  at  O,  in 
front  of  the  wheel 

Let  the   height  of   this 
obstacle  (or,  what  is  the  same  thing,  the  depth  of  the  rut)  be 
B  A  =  A.     Then,  by  taking  moments  about  O,  we  get : — 

PxOD  =  WxOB, 

W  W 

P  =  TT^  X  O  B  =  —-^  X  O  B. 


W///////y 


^p77?777^ 


RoLLnfo  Friction. 


CD 


r  -  A 


Put  O  B  s=  c  Then,  since  h  will,  in  general,  be  small  com- 
pared with  r,  we  may  neglect  it  in  the  denominator  on  the 
right-hand  side  of  the  equation,  and  write 

Hence,  we  see  where  the  constant  e  comes  from,  and  why  it 
is  a  lengih  of  the  same  units  as  r. 

From  the  results  of  the  few  experiments  which  have  bei^n 
carried  out  on  rolling  resistance  on  ordinary  roads  and  rails,  the 
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m7/ 


'^PTZ^ 


above  formula  appears  to  hold  good,  aad  c  is  found  to  be  inde- 
pendent of  r.  Thus,  when  r  is  expressed  in  xj^hes^  c  may  be 
taken  at  from  '02  inch  to  *025  inch  for  iron  wheels  and  rails ; 
*06  inch  to  *1  inch  for  iron  wheels  on  wood,  the  lower  values 
being  taken  for  the  harder  woods.  For  carriage  wheels  on  good 
macadamised  roads  c  may  be  taken  at  *5  inch ;  but  this  value 
will  vary  considerably  with  the  nature  of  the  ground,  being  as 
high  as  3  inohes  or  even  5  inches  with  soft  ground. 

If  the  surface  over  which  the  wheel  rolls  be  very  soft  and 
elastic  the  expression  for  the  resistance  is  more  complex  and  is 
very  difficult  of  explanation.  Take,  for  example,  the  case  of  a 
wheel  rolling  along  a  thick  sheet  of  indiarrubber.     In  such  a 

case  the  rubber  will  take 
the  form  shown  by  the 
figure,  being  heaped  up 
both  in  front  of  and  be- 
hind the  wheel.  When 
the  wheel  moves  it  tends 
to  surmount  and  compress 
the  rubber  in  front  at  B. 
But  the  rubber  at  B  tends 
to  avoid  this  compression, 
and,  as  a  consequence, 
heaps  itself  up  in  front 
as  shown.  During  the  ac- 
tion, the  rubber  "  creeps  " 
over  the  surface  of  the  wheel  at  B,  and  in  doing  so,  a  frictional 
resistance,  Fj,  is  set  up  which  opposes  the  onward  motion  of  the 
wheel.  Again,  as  the  wheel  moves  onward,  the  heaped-up 
rubber  in  the  rear  at  D  tends  to  regain  its  normal  state  of  flat- 
ness of  surface,  and  in  doing  so  creeps  down  the  surface  of  the 
wheel  introducing  a  frictional  resistance,  F2,  in  the  direction 
shown,  which  resistance  also  opposes  the  progress  of  the  wheel. 
Thus  the  wheel  is  retarded  by  the  two  frictional  resistances, 
F^  and  F^,  in  addition  to  the  other  force  necessary  to  overcome 
the  obstacle  in  front,  as  explained  in  the  case  of  the  wheel  on 
ordinary  ground. 

TraCOTe  Force. — By  trauitive  force  or  traction  is  meant  the 
effort  necessary  to  draw  a  carriage  or  train  along  a  level  road 
or  rail  ag&ii^t  the  total  frictional  resistances.  This  total  resist- 
ance includes  axle  and  rolling  frictions,  the  friction  between 
the  flanges  of  the  wheels  and  the  rails  and  the  resistance  of  the 
air,  &c. 

The  following  table  gives  the  tractive  force  in  lbs.  per  ton  for 
different  roads : — 


RoLLiMo  Friction  on  a 
Pliablb  Surfack. 


AKn-FRI(7nON   WHEEIA 


TRAtmrx  PoROB  ■ 


t  Dmsunr  Boass. 


GruTel  roods 

Common  eirth  roodi, 

B&ilwftj  traina  (movlDg  alowlf). 

In  the  cue  of  railway  trains,  the  resiatanoe  of  the  air  increasea 
Tery  rapidly  with  the  speed  of  the  train  and  with  the  velocity  of 
the  wind,  so  that  at  high  speed  the  tractive  force  reqaired  to 
keep  the  train  moving  along  a  boriiontal  line  may  be  aa  high  as 
50  lbs.  per  ton. 

Anti-fMctioa  Wheole.  —  These  wheels  are  so  arranged  that 
their  cdrcumferences  form  a  bearing  for  an  axle  or  shi^.  The 
axles  A  and  B  of  the  two  anti-friction  wheels  are  placed  near  to 
each  other,  and  the  axle, 

C,  whose  friction  it  is  de-  "  — 

aired  to  reduce,  rests  on 
their  circumference!).  Sy 
this  means,  the  resbtance 
to  the  rotation  of  C  is 
greatly  diminished,  and 
hence  the  arrangement  is 
often  resorted  to  in  the 
case  of  philosophical  and 
other  delicate  apparatus 
where  the  frictional  reaist- 
aacea  have  to  be  reduced 
to  a  minimum.  The  con- 
trivance is  neither  suffici- 
ently simple  nor  compact 
and  strong  to  be  adopted 
for  the  ordinary  bearings 
of  large  heavy  shafte  ;  but 
a  modification  thereof  is 
often  met  with  in  the  ball 
beatings  of  the  beat  constructed  driving  shafts  for  foot  lathes, 
for  American  electric  elevators,  and  for  bicycles,  tricycles,  &c.* 
With  ball  bearings  the  friction  is  wholly  that  of  rollii^  friction, 
but  in  the  ordinary  auti-friction  wheels  the  rolling  friction  may 
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be  neglected  and  then  the  friction  of  the  aades,  A  and  B,  con« 
sidered  in  the  following  way  : — 

Let  R  =  Resultant  vertical  force  acting  on  axle  C. 

„    D  s-  Diiftmeter  of  each  wheel  A  and  B. 

„    d   s  „  „       axle  A  and  B. 

„    d^         „        of  the  shaft  C. 

„  2tf=  Angle  ACB. 

„    P  =  Pressure  on  A  or  B  due  to  R  on  0. 

„    /4  B  Coefficient  of  friction  between  axles  A  and  B  and 
their  bearings. 

Then,  since  R  must  be  the  resultant  of  P  at  A  and  P  at  B, 
we  get: — 

R  =  2  P  cos  A 

Or,  P  =      ^ 


2cos  ^* 

Suppose  the  wheels  A  and  B  to  make  one  complete  turn. 
Then  C  will  make  n  turns,  so  that : — 

Or,  **  "  rf  • 

Hence,  neglecting  friction  between  C  and  circumferences  of 
wheels  A  and  B,  we  get : — 

Work  (Absorbed  injrtction  \  i  Work  ahsorbed  in  friction  at  aode 
in  one  twm  of  wheels  A  >  =  «<  A  +  Work  ahsorbed  in  friction 
and  B  )        \       at  axle  B. 

»  II  =  2  ^  0  /If  P. 


»  l> 


=  flrd 


cos  & 


But)  had  the  axle  0  been   resting  in  an  ordinary  bearing 
instead  of  on  the  circumferences  of  the  wheels  A  and  B,  the 

Work  absorbed  in  friction  tcoiUd  be   =  n^rdfiB^ 

M  II  II  =  «•  D  /A  R. 

V  0 


Friction  with  anti-friction  wheels  cos  ^  d 


•  • 


Friction  without  anti-friction  wheels      t  D  /4  R      B  cos  f 


FRICTION   OF  FLAT  PIVOTS. 
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In  general,  ^  (^  .^  A  0  B)  will  be  small,  so  that  ooe  A  will  be 
unity  very  nearly. 

Friction  with  anti-friction  wheels  dia.  of  axle  A  or  B        d 

* '  Friction  without  anti-friction  wheels  ~^  dia.  of  wheel  A  or  B      D* 

This  result  agrees  closely  with 
experiments  carried  out  on  the  fric- 
tion of  anti-friction  wheels. 

Friction  of  Flat  Pivots  and  Collar 
Bearings. — When  a  shaft  is  subjected 
to  forces  parallel  to  its  axis  the  end 
of  the  shaft  may  terminate  in  a 
footstep  bearing,  or  if  the  shaft  has 
to  be  continued  through  its  bearing, 
this  axial  pressure  is  provided  for 
by  having  a  collar  or  collars  made 
on  the  shaft.  If  the  shaft  termin- 
ates in  a  bearing  at  its  end,  the  end 
of  the  shaft  may  be  flat,  rounded,  or 
conical,  according  to  circumstances. 

We  shall  first  show  how  to  cal- 
•culate  the  work  lost  in  friction  in 
the  case  of  a  flat  pivot  or  collar 
bearing. 


Let  R  >=  Total  thrust  on  shaft. 
„    jj  as  Intensity  of  pressure  over 

bearing' 


R 


area  of  bearing. 

Suppose  the  thrust^  R,  to  be 
equally  distributed  over  the  whole 
bearing  surface,  and  let  us  consider 
A  small  annular  ring  of  breadth,  dx, 
And  mean  radius,  x  (see  plan). 


FBicnoK  OF  Flat  Pivots 
AND  Collar  Brabings. 


Then,     Preantre  on  dementary  ring  ^  p  x  2nrxdx, 

.•,    Moment    of  friction  for  the\  o        j 

ttUmeniary  rxng  J      '^^ 

„  „  „  -  2'JFfipQ^dx. 

*'*     ^^^^J^/>*^^*^ -^^^  '^^^  i  -  M  =  2^ii.pfx^dx, 
Where,  f^dx  means  the  sum  of  all  such  terms,  as  a^ c^ o^ 
taken  over  the  whole  bearing.     Ck>nsequently,  M  =  2  ^-yx/)  ^  - 
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nnuUr  ring  oi 
R 


yR         •i-i'. 


M-?(1-^)<.R 


Where  c^,  d^  refer   to   the  inside   and   oatside  diameter   r»- 
Bpectively. 

Hence,  Work  lost  in  Motion  1  „     d'-d' 

In   one   turn   of  ^  =  M  x  2  «■  -  ^  n- ^i-— f /*  E.  .  (VI) 
collar  joomal      )  "    "i  ~  <*» 


RoDKDaD  Pivot. 

In  the  case  of  a  flat  pivot  d^  =  0,  and  then  :— 

M  =  |rf,/iE (V,> 

.-.WoitloBtlnMctionln)       2      ,      _ 

onfl  turn  of  flat  pivot;  "  3  """I'**- C^^") 
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Thai,  we  see  tli&t  the  frictional  moment  of  a  flat  pivot  in  iti 
fooUtep  is  only  )  of  tiiat  for  a  horizontal  joarnal  of  eqnal 
■diameter. 

By  diminiahii^  the  diameter  of  the  pivot,  the  frictional 
moment  will  be  diminished 
in  the  same  proportion. 
Hence,  we  often  find  that 
flmiiU  pivots  are  rounded  at 
their  lower  ends  and  rest 
■on  a  flat  step  in  the  manner 
shown  by  the  accompany- 
ing figure. 

In  the  case  of  turn-tables 
-and  the  vertical  posts  of 
cranes  where  the  motion 
is  slow  this  plan  is  also 
adopted.  But  for  the  bear- 
ings and  fboteteps  of  large 
shafts  carrying  a  hea^ 
load  and  moving  at  high 
speeds,  the  following  style 
oi  adjustable  footstep  and 
bearing  has  been  found 
liest. 

Friction  of  Conic  Ed  PiTotB. 
—  Sometimes  the  end  of 
the  vertical  shaft  is  made 
oonical — instead  of  flat  or 
liemispherical— and  turns 
in  a  step  or  bearing  of 
corresponding  shape.  In 
this  case  the  expression  for 
the  frictional  moment  will 
be  different  from  the  one 
just  obtaloed  for  a  flat 
pivot. 

Let  A  D  E  B  represent  a  section  of  a  conical  pivot,  or  fimstrum 
-of  a  cone,  with  r  and  r,  for  its  gTeat«st  and  least  radii  respeo- 
tively. 

Let  the  total  axial  thrust,  R,  be  uniformly  distributed  over 
the  transverse  section  at  A  B.  The  manner  in  which  this 
pressure  is  distributed  over  the  step  is  not  definitely  known. 
The  normal  pressure  may  be  constant  at  all  points  on  the  step, 
-or  it  may  vary  according  to  some  other  law.  If)  however,  we 
jtBBume  that  vie  step  always  remains  a  good  fit  for  the  pivot^ 


-AnjosTABLB  FooTsm. 

IhPIX  to  P.1BTB. 

B  repreaenta  Beariag. 
::B  „  Cut  buifa. 

F  „  Footatep. 

IP  „  BaM  pUt«. 

W  „  Wedgfc 

S         „         Screw. 
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and  that  the  wear  is  uaiform  throughout,  we  can  then  explain 
how  the  pressure,  py  varies  from  point  to  point. 

The  wear  over  any  small  conical  surface  on  the  step  depends 
on  the  product  of  the  normal  pressure,  /?,  and  the  velocity  of 


OoNiCAL  Pivot. 


rubbing,  v.     Hence,  if  the  wear  be  everywhere  the  same,  we 
must  have: — 

pv  =  &  constant. 

But  the  velocity  of  rubbing  depends  on  the  distance  of  the 
small  area  in  question  from  the  axis  of  rotation.  If  this  distance 
be  y,  then : — 

pvocpy, 

py  =  8k  constant. 

Consequently,  the  pressure  at  any  point  on  the  step  varies 
inversely  as  the  distance  of  the  point  from  the  axis  of  rotation. 

Hence,  if  we  consider  a  small  conical  area  of  breadth  or  slant 

length,  a  6,  and  mean  radius,  y,  and  if  the  projection  of  a  5  on  a 
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horizontal  plane  be  denoted  hj  dy;  then,  if  a  =  half  the  conical 
angle  A C B;  dy  =^  ab  sin  a. 
Toted  ftorfncd  pteaiv/re  on  . 

area  ootmded by  ab  as  i      ^  ^  ^^ 

a  slant  side  ^ 

Now,  the  sum  of  the  vertical  components  of  all  such  normal 
pressures  must  balance  K. 

It  =  S  2  ^p  y  ab  sin  a  «  2  vp  y  sin  a'Lab. 

Since  p  y  has  previously  been  shown  to  be  a  constant  it  may 
be  written  outside  the  summation  sign. 


But,  2)  a  6  is  clearly  =  A  D. 

And,  A  D  = 


r  -  r<^ 


sm  a 


^  ah  —      '         • 
**  ^^        Sin  a 


Consequently,  R=2Tpy(r-  rj. 

Substituting  this  value  of  j^y  in  equation  (1),  we  get: — 
Total  normal  pressure  on)  -^  -p 

area       ^     '  )       ♦•  -  ^  (r-rj)8m. 

.*.  Moment  of  friction  for  \  x» 

elem^enla/ry  frustrum  >  » (—— — ; ydy. 

area  )       (^  -  n)  sm  a  ^ 

And,  Moment  of  friction  )  a^R  [^  vdv 

for  whole  bearing  /  "  (r  -  r^)  sin  a  jr 

.•.  Work  lost  in  friction  in )  ^(r  +  r\ 

one  turn  of  conical  V  -=  M  x  2»  =   1; J '^^  a^E.    (VIII) 
pivot  j  "^* 
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If  the  pivot  comes  to  a  point  at  0,  then  r^  =  0,  and  then:-^ 

M  ^iJL.fi,K (IX) 

2  Bin  a'^  ^       ' 

Example  IL — A  vertical  shafb,  4  inches  in  diameter,  tnms 
on  a  flat  pivot.  The  weight  of  the  shafb  with  its  wheels,  &o.f 
is  2,500  lbs.  Find  the  horse-power  lost  in  friction  between 
the  end  of  the  shaft  and  its  footstep,  the  shaft  making  HO 
revolutions  per  minute,  and  the  coefficient  of  friction  being 
taken  at  008. 

Answer.— Here  <i  -  4'  «  ^  ft.,  n  =  140,  B  *»  2,500  lbs. 

Hence,  assuming  formula  Ylay  we  get:— - 


Work  last  in  friction  |       « 
in    one    twm    qf\  —  5  ^d  f/^^Bi, 
pivot  )       ^ 

H.P.  lost  in  friction  — ^ 


•  • 


33,000 
I  X  ^  X  i  X  140  X  -08  X  2,500 

= Spob **• 

Example  III. — I^  in  the  last  example,  the  pivot  had  been 
conical  instead  of  flat,  the  angle  at  the  vertex  of  the  cone  being 
60°,  and  the  smallest  diameter  of  the  pivot  1^  inches,  what 
would  then  be  the  H.P.  lost  in  friction,  assuming  the  pressure 
on  the  step  to  vary  according  to  the  law  stated  in  the  text  1 

Answer. — Here  d^^  l^"',  a  =  30*",  the  other  data  being  same 
as  in  last  example.     Then,  by  formula  YIIL  : — 


Work  lost  in  friction  )       ^{r  -i-  r^)         ^ 
in  one  tva^  of  pivot]  ■*      sin  a      *  ^ 

2  sin  a      •  ^^ 

.%  H.P.  lost  in  friction  =  ^^^t^^  .  J^ 

2  sin  a        33,000 


n 


tl  1} 


^  X  (1  +  li)  X  140  X  -08  X  2500 


2  X  i  X  33,000 

=  li 


SCHIKLE'S   ANTI-FRICnON  PIVOT. 
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Schiele's  Anti-Friction  Pivot — The  assumption  made  in  our 
last  investigation  regarding  the  uniform  wear  of  the  ordinary 
•conical  pivot  and  step  is  not  strictly  correct.  When  such  pivots 
have  been  at  work  for  some  time  it  is  found  that  the  contact 
between  the  pivot  and  its  step  is  very  imperfect^  due  to  the 
unequal  wear  which  naturally  arises  from  the  difference  of 
velocities  at  different  parts  of  me  conical  sur&oe.  Since  this  is 
A  matter  of  some  import- 
ance, especially  with  cer- 
tain kinds  of  instruments 
And  machines,  we  shall 
here  investigate  the  proper 
form  to  be  given  to  the 
pivot  and  its  step  in  order 
that  the  vertical  wear  of 
the  latter  may  be  every- 
where the  same. 

The  figure  represents  a 
section  of  such  a  pivot. 
During  wear  of  the  step 
let  the  pivot  sink  through 
A  vertical  depth,  A  A' »  A. 
Then,  by  hypothesis,  the 
vertical  wear  everywhere 
will  h&  h;  so  that  any 
point,  F,  will,  alter  wear, 
be  at  F,  where  P  F  =  A. 
The  dotted  curves  repre- 
sent the  outline  of  the 
pivot  or  step  after  wear, 
and  it  is  evident  that  they 
will  be  similar  to  the  full 
<;urves  APE,  BQD. 

Consider  a  pointy  P,  on  the  curve.  Draw  P  N  perpendicular 
to  the  axis  of  the  shalt.  Let  P  T  be  the  tangent  to  the  curve 
At  the  point  P,  and  P  M  the  normal  at  that  point. 


Sghiklb's  Aim-Fucnoir  Pivot. 


Let  y 
w    P 


Ordinate  P  N. 

Angular  velocity  of  shaft. 

Intensity  of  normal  pressure. 

Coefficient  of  friction  between  ptmi  cad 


The  normal  wear  at  P  per  unit  area  is: — 

PM  CCfLp  tiff. 


PT 

:  PN  =  PF  :  PM. 

PP'xPN 
^^~        PM       ' 

A  X  y 
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Now,  for  a  small  vertical  wear,  we  may  consider  the  triangles 
T  P  N,  F  P  M,  as  similar. 


Or, 


In  this  pivot,  the  vertical  wear  is  supposed  to  be  everywhere 
the  same,  therefore,  the  intensity  of  normal  pressure,  p,  must 
be  constant  for  all  points  on  the  pivot. 

/.  P  T  =  =  a  constant. 

/ip  a 

Consequently,  the  curve  is  such,  that  the  length  of  the  tangent, 
P  T,  at  any  point,  P,  is  constant.  The  curve  having  this  pro- 
perty is  known  as  the  "  Tractrix  "  or  "  Traciory  Cv/rve."  Hence, 
a  suitable  form  of  pivot  is  obtained  by  the  revolution  of  such  a 
curve  about  its  axis.  This  form  of  pivot  was  invented  by 
O.  Schiele,  and  is  called  " Schiele's  Anti-FricHan  Pivot"  Such 
pivots  are  well  adapted  for  high-speed  machinery,  the  wear  being 
perfectly  uniform  throughout  and  giving  a  very  smooth  motion. 

Calculation  of  Friction  Moment  in  Schiele's  Pivot. 

Let  R  s  Total  axial  thrust  on.  shaft. 
„     r  a  Largest  radius  of  pivot  =  radius  of  shafts 
I,   r^  s  Smallest    ,,  „ 

We  shall  now  show,  that  p  =  —7-5 sr. 

Consider  a  small  conical  area  of  the  pivot,  the  mean  diameter 
of  which  is  P  Q  =  2  ^,  and  length  of  slant  side,  d  s. 

Then,  Area  0/ elementary  ring  =  2^yd8, 

dy 


But,  ds 


sin  9 


•  • 


2  T 

Area  0/ elementary  ring  =    .        t/^V' 


Or,  Total  normal  pressure  \       -.       2  ^p       , 


schikle's  anti-friction  pivot.  12S 

Resolving  verticallj,  we  get : — 

Vertical  componerU  qfP  =  T  sia^  =  2  Tp  y  dy. 


R  ■»  2  vp  j    ydy  =  vp  (r*  -  r J). 


And,  therefore,  p  < 


"      »(r«-r;)- 

Next,  the  moment  of  friction  for  the  elementary  ring  ia  : — 

^         Sin  <p    ^      ^ 

We  have  seen  that  the  length  of  the  tangent,  P  T,  at  anj 
point,  P,  on  the  curve  is  constant,  hence  : — 

Let  t  B  Length  of  tangent,  P  T« 
Then,  t  =  ^^ 


sin  p 
dM  ^  2^tfipydy, 

Or,  M^2^tfApl    ydy. 

Mo     ^  /{aR  r^  "  Vi 

x(r*  -  rj)  2 

Or,  M  =  /(,  R  f (X> 

an  equation  which  shows  that  the  friction-moment  depends  onlj^ 
on  the  thrust  along  the  shaft  and  the  length  of  the  constant 
tangent. 

The  minimum  length  of  the  tangent  is  t  =  r,  for  then  the 
line,  A  B,  is  a  common  tangent  to  the  curves,  APE,  B Q  D. 
Hence : — 

M«/„  =  A^Rr. (Xa) 

The  friction-moment  with  this  pivot  is  thus  one-half  greater 
than  with  a  fiat  pivot  of  the  same  diameter,  but,  as  already  said,, 
the  wear  is  more  uniform  throughout  the  bearing  surface. 
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Fiictional  Resistance  between  a  Belt  or  Bope  and  a  Flat  Pnlley. 
— Let  the  figure  represent  a  belt  stretched  over  a  pulley.  Let 
Tdy  T«  denote  the  tensions  in  the  two  parts  of  the  belt  not  in 

contact  with   the  pulley. 
^  Suppose  the  belt  to  be  just 

on  the  point  of  slipping  on 
the  pulley  in  the  direction 
B  to  A9  so  that 

Let  4  «  A  O  B  »  angle 
subtended  at  centre,  O,  by 
part  of  belt  in  contact  with 
pulley ;  and  let  fi  ^  co 
ef&cient  of  friction  between 
belt  and  pulley  rim. 

Consider  the  equili- 
brium of  the  part  of  the 
belt  on  a  very  small  arc, 
•a  6,  anywhere  between  A  and  B,  the  arc,  a  5,  subtending  an 
Angle,  A  tf,  at  the  centre,  O,  of  the  pulley. 

Let  the  tensions  in  the  belt  at  a  and  6  be  T  +  A  T,  and  T 
respectively,  so  that  the  increase  in  tension  over  the  arc,  a  6, 
is  A  T.  The  directions  of  T  +  A  T  and  T  will  be  along  the 
tangents  at  a  and  h  respectively. 

Let  R  =  Resultant  reaction  between  part  of  belt,  a  5,  and 
the  pulley  rim,  due  to  tensions  in  belt  at  a  and  b. 

Then,  neglecting  the  small  difference,  A  T,  between  these 
•tensions,  we  get: — 


Fbictiok  bktwsen  Belt  and  Pullet. 


R  «  2Tcos 


(«•  -  vo 


2Tsin 


A^ 


Since  A  ^  is  a  very  small  angle,  we  may  write : — 

A^       A^ 


sin  -s-  «=  -ft-  very  approximately. 


R  =  T  A  tf. 


Bnt^  sinfia  alipfring 
of  iiie  friction 


u  ahcMit  to  take  place,   AT  must  be  a 
owBt  llie  an:,  •  5. 


AT  =  itAR  =  //fcTAA 


Or. 


AT 


=  ^b  A  tf. 
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Henoe,  in  the  limits  when  the  arc,  a  b,  is  indefinitely  small, 
we  get  2— 

Therefore,  for  the  whole  arc,  A  B,  of  contact,  we  get  :-^ 
t.e.,  log,  Td  -  log,  T,  =  ^  tf. 


Or,  log,^=Attf 

Or,  ^=*^' 


(XI) 


Since  «»  2*7182  (the  base  of  the  Napierian  system  of  logarithms) 
it  is  a  constant;  and  since  /m  is  also  a  constant^  we  may  write  the 
last  equation  in  the  form 

^  =  *'. (XII) 

thus  showing  that:— The  ratio  of  the  tensions  increases  as  the 
power  of  the  number  representing  in  circular  measure  l^e  angle 
subtended  by  the  belt  at  the  centre  of  the  pulley. 

The  ratio  is  thus  independent  of  the  radius  of  the  pulley. 

The  above  results  are  true  for  a  rope  wound  round  a  post  and 
also  for  friction  brakes  wherein  the  strap  encircles  the  friction 
wheel  or  pulley. 

From  these  results  we  can  understand  why  a  sailor  has  such 
a  power  of  holding  back  a  ship  at  a  quay  by  merely  coiling  the 
rope  two  or  three  times  round  a  post.  For  example,  when  a 
rope  is  coiled  once  round  a  post,  let  T^j  T«  »  4.  Then,  when 
coiled  ttoice  round  the  post,  T^/T,  =  4*  =  16 ;  when  thrice  round 

the  post>  '^dl'^M  =  ^'  =  ^^1  «"^d  so  on.  This  shows  how  rapidly 
the  resistance  increases. 

m 

In  the  formula  log«  =-  =  ^  ^  we  may  change  into  common 
logarithms  by  multiplying  both  sides  by  0*434. 

Log  J?-0434)xtf. (XIII) 

*  ^  in  these  eqa»tioiis  is  always  expressed  in  ciroolar  measure. 
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Example  IV. — A  rope  is  wound  thrice  round  a  post,  and  one 
«nd  is  pulled  with  a  force  of  20  lbs.,  what  is  the  greatest  pull 
which  can  be  resisted  on  the  other  end  of  the  rope  when  the 
coefficient  of  friction  is  0*4  ? 


Answer.— Here  T,  =  20  lbs.;  tf=3x2«'  =  6  «•;/*  =  0-4. 

•434  ti.  ^. 


•  • 


Logg 


l» 


19 


•  • 


Or. 


„    =  -434  X  -4  X  6  X  31416 
„    =  3-27229. 

J^  =  1871,  nearly. 

Td  «  20  X  1871  =  37,420  lbs. 


Consequently,  a  force  of  20  lbs.  at  one  end  of  the  rope  is  able 
to  resist  a  force  of  about  16|  tons  at  the  other  end. 


FRicnoir  Between  Rope  and  Gboovbd  Pullet. 

BeslBtance  to  Slipping  of  a  Rope  on  a  Grooved  Pulley. — The 
grooves  round  the  rims  of  the  pulleys  used  for  hemp  or  cotton 
rope  drives  are  usually  V-shaped  and  of  such  dimensions  that 
the  rope,  instead  of  resting  on  the  bottom  of  the  grooves,  gets 
wedged  into  them  and  presses  on  the  sides  only.  By  this  means 
a  greater  resistance  is  offered  to  slipping  between  the  rope  and 
the  pulley. 
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Conflider  a  small  length,  a  b,  of  the  rope  subtending  an  angle, 
A  6,  at  centre  of  pulley.  Let  T  +  A  T  and  T  denote  the  tensions 
at  a  and  b  respectively.  Let  Q  be  the  pressure  between  element 
<ib  of  rope  and  sides  of  groove,  a  the  angle  between  the  sides  of 
the  grooves. 

Then,  from  right-hand  figure,  we  get : — 

R  =  2  Q  sin  I . 

But,  in  the  previous  investigation,  we  saw  that 

R  =  Ta^ 

2Qsin|  =  TA^. 

Now,  the  resistance  of  friction  for  the  element^  a  6,  is : — 

A  T  =  At  X  2  Q. 

aT  '=  fi,  X  oosec  ^  X  T  A  tf . 

Or,  -=-  =  /A  cosec  «  ^  ^• 

Proceeding  to  the  limit  and  integrating  for  the  whole  aro 
embraced  by  the  rope  on  the  pulley,  we  get : — 


r^dT  a   f  ,. 


t.«.,  log.  Jj  =  A*  ^  C0B6C  J (XIV) 

Compared  with  our  previous  results  for  a  flat  pulley,  we  see 
that  the  logarithm  of  the  ratio  of  the  tensions  is  increased  in 

the  proportion  of  cosec  -^  '  \> 

Generally,  the  groove  angle  is  about  45",  for  hemp  or  cotton 
ropes,  and  then : — 

cosec  Q  B  cosec  22^°  «  2*6. 
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Lbctoilb  VIL— QasBTiova. 

1.  find  an  ezpression  for  the  work  absorbed  in  one  reyolution  of  an 
axle  on  its  bearing.  An  axle  ia  2  inches  in  diameter,  and  the  weight 
pressing  it  on  the  bearing  is  1,000  lbs.,  find  the  number  of  nnits  of  work 
lost  in  100  revolations.   (Take  the  coeffident  of  friction  as  0*08).  ^fu.  418S  *8. 

2.  Deduce,  a  formula  for  obtaining  (approximately)  the  work  lost  in 
friction  in  one  revolution  of  a  horizontal  snaft  in  its  bearing.  A  horizontal 
shaft,  ^9  inches  in  diameter,  is  acted  on  simultaneously  b^  a  horizontal 
force  of  3  tons  and  a  vertical  force  (including  its  own  weight)  of  4  tons. 
Find  the  horse-power  lost  in  friction  when  the  shaft  makes  100  reTolation» 
per  minute.     Tne  coefficient  of  friction  is  0*07.     ilns.  5*6  H.P. 

3.  Explain  what  is  meant  by  **dead  angle"  when  applied  to  a  steam 
engine.     Explain  how  you  would  find  it. 

4  Explain  the  nature  of  "rolling  friction,''  and  deduoe  a  formula  which 
approximately  represents  its  amount. 

6.  What  are  anti-friction  wheels  ?  Find  an  expression  for  the  work  saved 
by  their  use  over  ordinary  bearines. 

6.  Explain,  by  aid  of  sketches,  now  friction  is  reduced  to  a  minimum  in 
the  cases  of  large  crank-shaft  bearings  and  in  bicycle  bearings. 

7.  Discuss  the  advantages  and  disadvantages  of  ball  bearings.  Describe 
with  sketches  the  construction  of  an  adjustable  ball  bearing.  (S.  k  A. 
Mach.  Const.  Hons.  Exam.,  1885.) 

8.  Write  down  the  formula  for  finding  the  work  lost  in  friction  in  one 
revolution  of  a  vertical  shaft  turning  on  a  flat  pivot.     A  vertical  shaft 

3  inches  in  diameter,  and  weighing  30  cwt.  (incluain£[  wheels,  &c. ),  turns 
on  a  flat  pivot.  Find  the  horse-power  lost  in  friction  when  the  shaft 
makes  100  revolutions  per  minute,  the  coefficient  of  friction  being  taken 
at  0-07.     Ana.  -373  11.?. 

9.  Explain  a  formula  by  means  of  which  the  loss  by  friction  on  the 
pivot  of  a  vertical  shaft  may  be  calculated,  and  apply  the  formula  in  the 
following  case: — Weight  on  pivot,  3  tons;  diameter  of  pivot,  4  inches;, 
coefficient  of  friction,  *01 ;  revolutions  per  minute,  75.  Fina  the  horse-power 
lost  in  friction.     (C.  &  G.  Mech.  Ens.  Hons.  Exam.,  1890.)    Ans.  *106. 

10.  Investigate  an  expression  for  the  moment  of  friction  of  a  flat  pivot, 
stating  the  assumption  made  as  to  distribution  of  pressure.  Find  the 
H.  P.  lost  by  the  friction  of  a  footstep  bearing,  the  aiameter  of  which  is 

4  inches,  the  total  load  on  it  being  3,000  lbs.,  the  number  of  revolutions 
100  per  minute,  and  coefficient  of  friction  "OO.  (S.  k  A.  Mach.  Const. 
Hons.  Exam.,  1887.)    Ans.  *38. 

11.  Explain  the  theory  of  the  anti-friction  pivot,  and  deduce  a  formula 
for  the  work  lost  in  friction  in  one  revolution  of  the  shaft.  Draw  the 
curves  representing  the  outline  of  the  pivot. 

12.  A  string  is  stretched  on  the  circumference  of  a  rough  circle ;  when 
one  of  the  forces  is  on  the  point  of  preponderance,  find  the  pressure  on  the 
circumference,  and  the  tension  of  the  string,  at  any  assigned  point.  (S.  &  A. 
Theor.  Mechs.  Hons.  Exam.,  1889). 

13.  A  thread  is  stretched  by  two  forces,  P  and  Q,  over  a  rough  plane 

curve;  when  P  is  on  the  point  of  overcoming  Q  show  that  P=Qe^  ,  where 
0  denotes  the  angle  between  the  normals  at  the  extreme  points  where  the 
thread  is  in  conl^t  with  the  curve.  A  rope  is  wrapped  three  and  a-half 
times  round  a  horizontal  cylinder,  the  coefficient  of  triction  between  the 
rope  and  the  cylinder  is  iV>  ^  weight  of  1,000  lbs.  is  fastened  to  one  end 
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of  the  rope,  what  weight  most  be  fastened  to  the  other  end  to  prevent 
eliding,  the  weight  of  the  rope  being  neglected.  Take  t  =  2*72.  (S.  k  A. 
Theor.  Mechs.  Hona.  Exam.,  1883.)    An».  Q  =  P/e  =  135*14  lbs. 

14.  Dedace  a  formula  for  the  resistance  offered  to  slippinff  of  a  rope 
roond  a  grooYed  pnlley  in  terms  of  groove  angle,  angle  subtended  at  centre 
of  pulley  by  the  rope  and  coefiScient  of  friction,  ^nd  the  maximum  ratio 
of  tensions  in  the  tisht  and  slack  ends  of  a  rope  passing  over  a  grooved 
pulley,  the  angle  of  tne  groove  beinff  40",  coefficient  of  friction  '15,  arc  of 
pulley  embraced  by  rope  {  of  ciroumference.     Atu.  5*22. 

15.  Establish  a  formula  giving  the  ratio  between  the  tensions  .at  the 
extremities  of  a  rope  which  is  coiled  through  a  given  angle  round  a  post. 
A  rope  has  its  direction  ohanfled  through  two  rig^t  angles  by  passing 
round  a  grooved  guide  pulley  whose  diameter  is  12  inches,  the  diameter  oi 
the  axle  of  the  pulley  oeinffH  inches,  and  the  ooeffioient  of  axle  friction 
being  Oi/J*  How  is  the  efficiency  of  the  pulley  affected  by  axle  friction 
when  a  load  of  2,500  lbs.  is  being  raised  ?  if  the  pulley  was  fixed  so  that 
it  oould  not  turn,  how  would  the  efficient  be  affected  by  the  friction  of 
the  rope  on  the  pulley,  taking  the  coefficient  as  0*6?  (S.  ft  A.  Hona. 
Bzam.,  1895).    An».  fjmoiency  s  08*4  per  cent. ;  efficiency  =  15*2  per  cent. 
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LECTURE  VIII. 

C0NTBNT8.  —  Friotion  UBefoUy  Applied  —  Friction  Clatches  —  Fmatnim, 
Addyman's,  and  Bagshaw  s — Weston's  Friction  Goapling  and  Brake — 
Grooved  Disc  Friction  Couplinff — Weston's  Centrifugid  Friction  Pulley 
— Brakes  Defined  and  Classified — Block  Brakes— -Flexible  Brakes — 
Proper  Direction  of  Brake- Wheel  when  Lowering  a  Load — Mathe- 
matical Proof— Example  L — Paying-out  Brake  for  Submanne  Tele- 
graph Cables — Differential  Brake  for  Lord  Kelvin's  Deep-Sea  Sounding 
Machine — ^Dynamometers — Absorption  Dynamometers — Prony  Brake 
— Method  of  Taking  Test  for  Brake  Horse-Power — Example  II. — 
Improved  Prony  BnuM — Appold's  Compensating  Lever — Semicircular 
Strap  Dynamometer — Society  of  Arts  Rope  Dynamometer — Advan- 
ta^s  of  Rope  Brake— Tests  of  Engines  with  Rope  Brake — Trans- 
mission Dynamometers — ^von  Hefner- Alteneck  or  Siemens' — Rotatory 
Dynamometers — Epicyolic  Train;  King's,  White's,  or  Webber's— Spring 
Dynamometers — Ayrton  and  Perry's  and  van  Winkle's — Hydraulic 
Transmission  Dynamometers  —  FlatHer's  and  Cross'  —  Tension  Dyna- 
mometer for  Submarine  Cables — Questions. 

Friction  UseftlUy  Applied.^ — As  we  remarked  in  Lecture  X.  of 
our  Elementary  ManttcU  of  Applied  MechanieSy  friction  has  its 
advantages  as  well  as  its  disadvantagea  And,  although  it  is  the 
duty  of  the  engineer  to  reduce  friction  to  a  minimum  in  the  case 
of  the  bearings  of  engines,  shafting,  and  machines  in  general ;  yet, 
he  has,  nevertheless,  to  devise  means  for  producing  a  maximum  of 
friction  in  the  case  of  brakes,  blocks,  and  grips  whereby  motion 
has  to  be  arrested  gradually  or  suddenly;  or,  in  the  case  of  friction 
gearing,  pulleys,  and  clutches  whereby  power  has  to  be  transmitted 
from  one  shaft  to  another.  Or,  he  may  have  to  arrange  for  a 
more  or  less  constant  retarding  force  as  in  the  case  of  absorption 
dynamometers  when  used  for  paying-out  submarine  cables  or 
for  determining  the  bi*ake-horse  power  of  motors.  It  will,  there- 
fore, be  our  endeavour,  in  this  Lecture,  to  describe  these  various 
methods  of  usefully  employing  friction  with  suitable  illustrations 
applicable  to  each  case. 

*  The  student  should  refer  to  Thomas  W.  Barber's  Engineers^  Sketch 
Book  of  MechankcU  Movementa^  published  by  E.  &  F.  Spon,  London,  for 
a  larffe  variety  of  Brakes  and  Retarding  Appliances  in  Section  5,  Friction 
Clutches  in  Section  15,  and  Friction  (rear  in  Section  38,  and  to  an  excellent 
book  on  Dynamometers  and  the  A/fiosurement  of  Powers  by  John  F. 
Flather,  Ph.B.,  published  by  John  Wiley  &  Sons  of  New  York,  as  well  aa 
to  the  several  papers  referred  to  by  footnotes  in  this  Lecture. 
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Friction  Clutches.*— When  two  light  shafts  are  in  line  with 
«ach  other,  6ne  of  which  has  to  be  set  in  motion  or  stopped  at  any 
time,  whilst  the  other  one  b  kept  rotating,  they  may  be  oon- 
reniently  conpled  together  by  tbe  siniple  form  of  clutch  illustrated 
by  the  occompaDying  figure.    To  the  left-hand  shaft  there  is  keyed 
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a  hollow  disc,  truly  bored  out  to  a  certain  taper,  which  depends 
upon  the  materials,  and  must  be  gnMtt  enough  to  prevent  jamming. 
Un  the  right-hand  shaft  another  disc  tits  freely  on  a  feather-key, 
so  that  it  may  be  forced  to  tbe  right  or  left  by  a  forked  lever 
(not  shown)  which  engages  the  groove  in  its  boss.  This  right- 
hand  disc  is  turned  to  tbe  same  taper  as  the  left-hand  onej 
consequently,  when  it  is  pressed  home  thereon  and  held  in  position 
by  a  locked  or  weighted  lever,  the  friction  between  the  two  conical 
surfaces  is  sufficient  to  transmit  power  from  tbe  left-hand  to  the 
right-hand  shaft.  In  order  that  the  shafts  may  remain  in  line,  each 
due  is  supported  by  a  bearing  immediately  behind  its  own 
boss. 

Tbe  following  figure  shows  how  this  same  sort  of  clutch  might 
be  applied  to  a  vertical  shaft  gearing  with,  and  transmitting 
motion  to,  one  or  two  horizontal  shafts.  Here  the  lower  end  of 
the  bell-ctank  lever  is  forked  and  fitted  with  a  nut  which  engages 
a  screw  worked  by  a  wheel  and  handle.  The  upper  end  of  the 
bell-cisnk  is  also  forked,  and  should  engage  the  grooved  collar  of 

*  Wb  are  indebted  to  Measrt.  J.  Bagshaw  ft  Sons,  Batley,  for  three  of 
the  following  figure*,  uid  to  the  Council  of  the  Institution  of  Civil 
Euffineera  for  tbe  third  uid  fourth  figures,  which  are  taken  from  Mr. 
WftHer  BagihaV*  paper  on  "  Friction  Clntahea."  See  i>ra«.  /iMf.  C.S, 
for  1BB6-ST,  voL  Ixxxviii.,  p.  36S. 
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the  movable  part  of  the  clutch.  The  makers,  however,  prefer  tb» 
method  Bhown  in  the  next  aad  following  illuatrationa,  wliereby 
the  wedge-pointed  rod,  E,  on  being  depressed,  forces  open  two 
internal  levers,  LL,  which,  in  turn,  expaod  a  split  Miction  ring, 
H,  until  it  grips  the  inside  of  the  hollow  clutch,  A. 


Addtmam's  FBionoiT  CouFLOia  ros  UrRioni  Shajtcto. 

Another  method  bj  the  same  firm  is  ahown  in  the  second 
figure  on  the  following  page.  Here,  one  internal  forked  lever,  I> 
(which  clears  the  shaft),  is  fixed  at  its  lower  end  to  a  right-  and 
left-handed  screw.  When  this  lever  is  forced  forward  the  screws 
are  turned  in  one  direction,  and  press  out  the  split  cast-iron 
ring,  A,  until  it  bites  the  internal  surface  of  the  hollow  clutch, 
and  starts  the  machine  connected  therewith.  On  the  other  band, 
when  the  lever  is  pulled  back,  the  screws  are  turned  in  the 
reverse  direction  and  pull  the  ends  of  the  split-iron  ring  together, 
thus  freeing  it  from  the  clutch  and  permitting  the  driven  machine 
to  come  to  a  stand-still. 
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Asdihah'b  Friotior  Codpliko  fob  Hosiioiitu.  SHumo. 


A  for  Hollow  •bell  of  olntoh. 

B  „   Driving  ahatt. 

C   „   Crank  pin  r-  ^ 

D   „   Diaa. 

E  „  Driven  BhiA. 


F  for  Collar. 

H   „   Friction  ring. 

K   „   Wedge-pointed  rod. 


CMD 


BAGtHAWB  Hollow  Slbvi  Clotok 

Weeton'B  Friction  Coapllng  and  Broke. — ThU  apparatus  oon- 
•iste  of  a  shell  keyed  on  one  of  the  shafts,  in  which  are  fitted 
two  series  of  friction  discs  free  to  slide  lengthwise  towards  or  from 
«ach  other.  The  series,  shaded  block  in  the  figure,  is  madtt  to 
rotate  with  the  ri^t-band  riwft  bf  means  of  feather-keys,  and 
tb«  other  aeries  (shaded  light)  with  the  outside  sheU.  When  no 
compression  is  applied  to  the  discs  through  the  lever,  tho  shafts 
.are  free  to  revolve  independently  of  each  other,  but  upon  com- 
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presBiiig  the  discs,  the  rotary  motion  of  one  series  is  transmitted 
wholly  to  the  other,  and  the  apparatus  acts  as  a  coupling.  When 
the  pressure  is  Hlightly  relieved,  the  friction  between  the  two  set» 
of  discs  acts  as  a  brake  aud  thus  controls  the  speed. 

It  will  be  observed  that  this  coupling  is  designed  on  the  prin- 
ciple of  multiple-griE^ing  surfaces,  and,  as  friction  increases  in 
proportion  to  the  number  of  pairs  of  surfaces  in  contact,  it  is  pos- 
sible to  BO  increase  their  number  and  the  extent  of  the  surface  in 
contact,  BO  as  to  multiply  the  rBsistance  due  to  frictiou  to  any 
desired  amount.  Weeton's  arrangements  of  alternate  discs  of  iron 
or  Bteel  and  gon-metal,  or  metal  and  wood  or  leather,  are  used  for 
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a  variety  of  devices,  such  as  lowering  and  holding  brakes  in  largo 
cranes,  elevating  gear  in  large  guns,  &c.  The  resistance  obtained 
in  this  way  is  very  remarkable.  It  is  stated  by  Prof.  Goodeve 
in  his  Principles  of  Mechanics,  that  "  six  discs  of  iron,  14J  inches 
in  diameter,  riding  between  wooden  discs  and  used  in  a  windlass, 
aie  recorded  to  have  sustained  a  direct  pull  on  the  cable  of  34  tons 
vithout  yielding." 

Concentric  Qrooved  Disc  Friction  Conpling Another  form  of 

friction  coupling  is  that  known  as  "  Robertson's  Wedge  and 
Groove  Friction  Clutch,"  which  will  at  once  be  understood  from 
the  BceompanyioK  sectional  plan  and  elevation.  If  the  discs, 
I>i,  Dg,  forming  the  two  parts  of  the  coupling,  are  to  be  brought 
into  contact,  then  the  lever,  L,  is  moved  to  the  right,  which  tui'os 
the  forked  claw  or  clip,  C  ^.-connected  to  the  central  circular  pin, 
C  P,  inside  the  eccentric  boss,  E  B,  of  the  bearing,  B.  This  claw 
in  turn  forces  forward  the  collar,  0  (along  the  feather  of  the  shaft). 
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coDoected  to  the  disc,  Dj,  and  thus  brings  D,  into  gear  with  D^. 

This  Ifttter  disc  is  fixed  to  the  pnlUy  or  wheel  which  is  connected 

to  the  machine  to   be  set  in   motion. 

To  bring  the  discs  ont  of  gear  the  lever, 

L,    is  moved  to  the  left,  and  precisely 

the   reverse   action    takes  place.      The 

advantage  of  all  these  several  forma  of 

friction  couplings  is,  that  they  transmit 

power  without  jar  and  will  slip  under 

aa  excess  of  force  or  shock  beyond  that 

which    they  are   designed  to  transmit, 

The  forces    transmitted    are,   however, 

limited  bj  the  coefficient  of  friction  and 

the  number,  extent,  and  exact  fit  and 

freedom  from  oil  or  moisture  of  the  sur- 

&ces  in  contact    We  shall  have  to  refer 

to   spar    and    bevel    frictional    gearing 

later  on,  and  to  investigate  the  limits  to 

which  such  appliances  mny  be  adapted. 

Weston's  Centrifogal  Fnction  Pulley.* 
— Two  forms  of  this  friction  pulley  are 
shown  in  the  following  figures,  the  first 
suitable  for  rope  and  the  second  for  belt 
driving.  This  pulley  is  sjjecially  well 
adapted  for  driving  high  speed  machines, 
anch  as  centrifugals  and  aynamoa. 

The  principal  advanlages  claimed  for 
it  are  : — (1)  A  number  of  machines  may 
be  driven  direct  from  the  same  shaft;  and 
any  one  of  them  may  be  started  or  stopped  independently  of  the 
others. 

(i)  Both  starting  and  stopping  are  performed  gradually  and  easily. 

(3)  So  sudden  shocks  or  stresses  are  caused  to  the  pulley,  the 
belt,  or  any  part  of  the  driven  machine,  since  the  necessary  fric- 
tion for  imparting  the  motion  is  applied  automatioally  by  centri- 
fugal action. 

(4)  When  the  friction  pulley  b  the  driver  no  loose  pulleys  are 
required,  and  consequently  there  is  no  wear  and  tear  of  belting 
frvm  shifting  forks,  &c 

(6)  The  pulley  may  be  so  adjusted  as  not  to  transmit  more 
than  the  desired  power  without  slipping  or  giving  warning  that 
an  extra  load  has  been  brought  into  circuit 

The   construction   and   action  of   this   polley  will  be  readily 
*  We  are  indebted  to  Hann.  Watson,  I^idlaw  ft  Co.,  of  Olasgow,  the 
Makers  «[  this  friction  pulley,  for  the  two  following  illnstntiiMis. 
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undetBtood  bjr  rdereDCe  to  the  foUowiog  figares.  A,  U  4^e  pnllej 
proper,  which  oarrieB  the  belt,  uid  rides  loose  oa  t^e  shiift  R 
C,  is  an  arm  bolted  or  keyed  to  the  shnftf  and  revolves  with  it 
This  arm  carries  two  toe-leven,  I,  pivoted  at  K.  To  these 
toe-levers  are  attached  the  firiotion  arms,  F,  the  latter  being  again 
coDneoted  to  the  arm,  C,  at  the  ends. 


Friotioh  Pdllr  iob  Bon  Drivb. 

will  thus  be  seen  that  when  the  arm,  C,  is  in  motion  it  will  cany 
round  with  it  the  two  friction  arms,  F,  The  latter  will  tend, 
under  the  influence  of  oentrifugal  action,  to  &y  outwards,  and 
thus  to  bind  themselreB  against  the  rim  of  the  pulley.  A,  and 
carry  the  latter  round  with  them.  Iq  the  condition  shown  in  the 
illustratioii,  Ihiit  teadeucy  ia  restrained  by  the  toee,  M,  of  Uie 
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filiding  sleeve,  L.  All  that  is  neoessiiiy,  therefore,  in  order  to 
permit  the  friction  arms  to  transmit  their  motion  to  the  poUey 
is  to  withdraw  the  toes,  M,  by  moving  the  sleeve,  L,  a  very  short 
distance  along  the  shaft  by  means  of  a  hand  lever,  such  as  is 
shown  in  the  left-hand  figure.  The  springs,  £,  prevent  the  motion 
of  the  friction  arms  being  too  suddenly  compiunicated  to  the  pulley; 
hence,  as  we  said  before,  there  is  no  sudden  stress  put  upon  the 
belt)  and  it  gradually  acquires  its  full  speed. 

In  order  to  get  the  best  and  most  economical  results,  the  highest 
convenient  speed  should  be  arranged  for  this  friction  pulley.'*'' 

Brakes  Defined  and  Classified.  —  The  contrivances  comprised 
under  the  general  title  of  brakes,  are  those  by  means  of  which 
friction  is  intentionally  opposed  to  the  motion  of  a  machine,  in 
order  to  stop  it,  retard  it,  or  employ  some  of  its  superfluous 
energy  with  the  view  of  producing  uniform  motion. 

Brakes  may  be  classified  as  follows  : — 

1.  Block  brakea  are  those  in  which  one  solid  body  is  simply 
pressed,  and  rubs,  against  another. 

2.  Strap,  or  flexible,  brcikea  are  those  which  embrace  the  peri- 
phery of  a  drum  or  pulley. 

3.  Pump  brahee  are  those  in  which  the  friction  amongst  the 
particles  of  a  fluid  produces  resistance  when  the  fluid  is  forced 
through  restricted  passages. 

4.  Turbine,  or  fan,  brakes  are  those  in  which  the  resistance 
omjployed  is  that  of  a  fluid  to  a  fan  rotating  in  it. 

slock  Brakes. — The  most  familiar  example  of  the  use  of  the 
ordinary  block  brake  is  its  application  to  road  vehicles  and  railway 
rolling  stock.  Its  effect  is  to  retard  or  stop  the  rotation  of  the 
wheels,  and  thus  to  make  them  slip  instead  of  rolling  on  the  road 
or  railway.  The  resistance  caused  by  such  a  brake  to  the  motion 
of  a  carnage  may  be  less  than,  but  can  never  be  greater  than,  the 
friction  between  the  stopped  wheel  and  the  road  or  rail. 

Flexible  Brakes. — In  hoisting  and  lowering  machinery,  such  as 
crabs,  winches,  cranes,  and  colliery  winding  engines,  a  form  of 
brake  called  the  friction  strap  or  flat  brake  is  generally  employed 
for  holding  the  load  when  raised  to  the  desired  height,  or  for 
gradually  arresting  its  motion  on  being  lowered  to  the  required 

*  There  are  an  immenBe  number  of  patented  "  Friction  Power  Trans- 
mittera,'*  bnt  we  have  given  snfiicient  flniBtrations  to  show  the  applicfttion 
of  these  Ttaefal  devices.  The  stodent  should,  however,  conmilt  the  pages 
of  The  Engmur,  JSngineering,  and  other  similar  periodicals— e. a.,  he 
should  refer  to  The  Engineer  of  April  18,  1890,  for  a  aescription  and  com- 
plete set  of  sectional  figures  of  Shaw's  *'  Coil  Friction  Power  Transmitter," 
which  is  an  interesting  departure  from  the  usual  methods  of  bringing 
machines  into  circuit  with  their  drivers. 
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depth.  In  the  case  of  ordinary  small  crabs,  winches,  and  cranes, 
this  brake  takes  the  form  of  a  flexible  steel  strap,  which,  to  a 
greater  or  less  extent,  encircles  a  strong  flat^faced  cast-iron  wheel 
or  pulley.  It  is  made  of  sufficient  length  to  clear  the  wheel  when 
slack.  The  strap  is  tightened  by  means  of  a  lever  actuated  by 
the  hand  or  foot  If  the  load  to  be  arrested  is  comparatively 
small,  then  the  brake-strap  may  be  conveniently  fixed  to  the 
barrel-shafb  of  the  crab  or  crane,  and  it  naturally  takes  the  form 
shown  by  the  left-hand  figure,  where  the  inner  end  of  the  lever 
terminates  in  a  bell-crauk.'^ 

The  extremities  of  the  arms  of  this  bell-crank  are  attached  to 
the  ends  of  the  brake-strap.  This  brake-strap  is  simple,  can  be 
readily  fitted  to  most  hoisting  gear,  and  possesses  gre&t  gripping 
force. 

In  double  or  treble  purchase  crabs  and  cranes  where  the  load  to 
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Simple  Brakb-Strap 
and  sobew. 


be  held  in  position  or  arrested  b  greater  than  in  the  case  of  single 
purchase  ones,  the  brake  is  usually  fixed  to  the  second  or  third 
motion  shaft,  and  may,  for  convenience  of  manipulation,  take  the 
form  shown  by  the  right-hand  figure.  As  in  the  previous  case,, 
the  brake-wheel  is  usually  made  of  cast-iron,  with  a  solid  central 
web  between  its  boss  and  rim.  The  upper  end  of  the  thin  flex- 
ible steel  strap  is  fixed  to  a  projecting  arm  or  stretcher,  and 
the  other  end  to  the  lower  terminal  of  a  vertical  screw. 

This  screw  is  raised  or  lowered  by  a  horizontal  hand- wheel 
whose  boss  is  a  nut  fitting  the  vertical  screw.  When  lowering  a 
load  rapidly  by  means  of  a  brake,  it  is  usual  to  throw  the  first 

*  Also,  see  the  figures  at  pp.  118  and  121,  of  Lecture  XIII.,  in  the 
author's  EUmentcary  Manual  of  Applied  Mechaniea,  as  well  as  the  figure* 
of  the  Crab  in  Lecture  XI.  of  this  Text-book. 
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motion  shaft  out  of  gear  by  aid  of  a  pawl,  &c,  as  explained  in 
Lecture  XII  I.  of  our  Elementary  Mantud,* 

Proper  Direction  of  Rotation  of  Brake-Wheel  when  Lowering  a^ 
Load. — In  fixing  a  brake-strap  to  any  piece  of  hoisting  machinery, 
care  should  be  taken  that  the  brake-wheel  turns  (as  shown  by 
the  arrows  on  the  two  previous  figures)  in  a  direction  so  as  to 
produce  the  greater  stress  upon  that  end  of  the  bi*ake-strap  which 
is  attached  to  the  fixed  end  of  the  lever  or  projecting  arm  ;  for, 
.if  fitted  in  the  reverse  order,  it  will  be  found  much  more  difficult 
to  control  the  motion  of  the  load. 

Mathematical  Proof  of  the  Previous  Statement — The  truth  of 
the  previous  statement  may  be  proved  by  calculating  the  frictional 
moments  about  the  centre  of  the  brake-wheel 

Let  Td  and  T,  denote  the  tensions  in  the  tight  and  slack  ends 
of  the  brake-strap.  Which  is  the  tight  and  which  the  slack  end 
will,  of  course,  depend  upon  the  direction  of  rotation  of  the  brake- 
wheel.     In  the  accompanying  figure  the  direction  of  rotation  is 


a  - 
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indicated  by  a  curved  arrow ;  and,  consequently,  0  E  is  the  tight 
and  B  D  the  slack  end. 

Let       &  =  Angle  subtended  by  strap  at  centre  of  wheel. 
a^hyC  —  Lengths  of  arms,  A  F,  B  F,  C  F  respectively, 
r  =  Radius  of  brake- wheel. 
P  =  Force  exerted  at  end,  A,  of  the  lever,  A  C. 
fi»  sr  Coefficient  of  friction  between  strap  and  wheel 
M  =  Frictional  moment  about  centre  of  brake-wheel. 

Then,  M  =  (Td-T.)r (1) 

Bat,  as  we  proved  in  )   m  . 

equation  (XI),  Lee- V  i?  =  e'*^=  Aj (2) 

tureVIL,  )    ^' 

•  See  Notes  <m  the  Construction  of  Cranes  and  Lifting  MachtMry^  by 
Edward  C.  K.  Marks.  PubUahed  by  John  Heywood,  Deansgate,  Man- 
chester, firat  edition,  pp.  78  to  81,  and  Fig.  8.3,  for  an  improved  form  of 
lowering  brake-strap,  which  is  lined  with  leather  and  fitted  to  the  third 
motion  shaft  of  the  crane 
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Taking  momentB  about  F,  the  fulcrum  of  the  lerer,  we  get : — 

Pa«  T,  6  +  Td  c (3) 

By  eliminating  T^  and  T«  from  these  three  equations,  we  can 
•express  M  in  terms  of  P,  a,  b,  c,  A;,  and  r,  all  of  which  have 
known  values. 

Thus,  from  (2),  T^  =  A:  T, . 

Substituting  this  value  of  T^  in  (1 )  and  (3),  we  get : — 

M  =  (A;-l)rT, (4) 

And,  Pa  -  (6  +  cA:)  T, (5) 

Dividing(4)by(5),^  =  (-*^, 

"-'-It^--  •  •  •  ■  (^^- 

Very  often  the  tight  end,  C,  of  the  strap  is  immovable,  for  it 
fnay  be  fixed  by  a  pin  to  the  fulcrum,  F.  In  that  case  c  =  0,  and 
we  have : — 

jj,_Par^) ^^^^^ 

If,  however,  the  direction  of  rotation  be  the  opposite  of  that 
given  in  the  figure,  then  B  D  becomes  the  tight  end  of  the  straps 
■and  it  is  easily  proved  that : — 

"^-^-^■rr^ (^^») 

Now,  k  is  always  greater  than  unity,  hence  we  see  from  (XYa) 
.and  (XY^ )  that  the  resistance  to  friction  is  less  for  one  direction 
of  motion  than  for  the  other.  An  example  will  make  this  point 
«till  clearer. 

Example  I  — A  treble-purchase  crab  is  fitted  with  a  strap 
friction-brake  worked  by  a  lever.  The  shaft  on  which  the  brake- 
wheel  is  keyed,  carries  a  pinion  of  12  teeth  which  gears  with  a 
wheel  of  48  teeth  on  the  next  shaft.  This  second  shaft  has  a 
pinion  of  12  teeth  gearing  with  another  wheel  of  60  teeth  on  the 
•drum  or  barrel  shaft.  The  diameter  of  the  drum  or  barrel  is 
14  inches;  diameter  of  brake-pulley  2^  feet;  length  of  brake 
handle  3  feet.  One  end  of  the  brake-strap  is  immovable,  the  other 
■end  being  fixed  to  the  shorter  arm  of  the  brake-lever,  which  is 
3  inches  long.  The  angle  subtended  by  the  strap  at  centre  of 
brake-pulley  is  270^  If  a  force  of  50  lbs.  be  applied  at  the  end 
•of  the  brake-lever,  what  is  the  greatest  load  for  each  direction  of 

*  The  Roman  Numbers  for  these  equations  follow  those  in  Leetore  YIL 
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rotation  of  the  brake-wheel  which  could  be  supported  on  the  end 
of  the  rope  that  passes  round  the  drum  1    Take  ^  =^  *I. 

Answer. — The  fiiction  moment  at  the  brake-pulley  is  : — 

u-l^^^ „, 

Or,    M  =  rV (according  to  the  direction  of  rotation)  (2)- 

Since,  ^  =  270*  =  ^;  and,  k  =  « ^#. 

.%  log  A:  =  -4343  ^t  &  =  -4343  x  -1  x  ^  ""  ^'^^^^  =  -20466. 

k  =  1-602,  nearly. 

Substituting  F  »  50  Ibu.;  a  =  36  ins.;  6^3  ins.j  r  » 15  ins. 
in  (1),  we  get : — 

,,      50x36x15(1-602-1)     ,,,^.     ,^     ,^, 
M  -  ^ ^  =  5,418  in.-lbs.  (3) 

A    A^     /o\       Tur       50x36x15  (1-602-1)     „  „^^ .     „      ,., 
Or,  from  (2),     M  « 3  ^  ^  .^Qg ^  =  3,382  m.-lbe.  (4> 

Now,  the  moment  of  the  couple  at  the  brake-wheel,  due  to  the- 
load,  W,  at  the  drum,  is  : — 

^      ^    ^     12     12       7W.     ,, 
M  =  Wx7x^xjg  =  ^o''''"^^- 

Hence,  from  (3),  W-  ^^^^^"^  ^^  =  15,480  lbs. 

Or,  from  (4),     W  =  ?^?^^  =  9,663  lbs. 

This  example  shows  at  once  the  importance  of  attending  to 
the  direction  of  rotation  of  the  brake-wheel  when  the  load  is 
being  lowered,  before  fitting  up  the  brake  appliance.  The  rule 
is,  therefore,  to  make  the  tight  end  of  the  strap  the  fixed  or 
immovable  &nd,  and  to  attach  the  slack  end  to  the  shorter  arm  of 
the  brake  lever.  "By  an  inspection  of  the  arrangement,  it  becomes 
evident  that  for  one  direction  of  rotation  of  a  brake- wheel,  the 
friction  between  the  strap  and  its  pulley  assists  the  effort  on  the 
lever,  whilst  it  opposes  it  for  the  reverse  direction. 

Paying-Out  Brake  for  Sabmarine  Cables. — When  a  brake^trap 
exceeds  2  or  3  feet  in  diameter,  it  is  usually  fitted  throughout  its 
inner  surface  with  wooden  blocks  —  preferably  of  hornbeam  or 
beach.  These  are  screwed  to  the  steel  strap  from  the  outside 
thereo£       The  "  paying-out  gear "  for  the  laying  of  submarine 
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•cables  (see  acoompanTin'g  illustration)  always  contains  one  or  two 
of  these  larger  brakes  of  from  6  to  8  feet  in  diameter.  The  cable 
as  it  oomes  from  the  tanks  of  the  ship  is  coiled  four  or  five  times 
round  the  paying-out  drum,  from  which  it  then  passes  aft  under  the 
•dynamometer  pulley  and  over  the  stem  sheaves  into  the  sea.  Now, 
a  restraining  force  must  be  applied  to  the  cable  in  order  that  it 
may  be  laid  as  evenly  as  possible  along  the  irregular  bed  of  the 
ocean,  with  just  the  desired  amount  of  slack,  so  as  not  to  put 
too  great  an  initial  stress  thereon,  and  to  permit  of  the  cable 
being  lifted  for  future  repairs,  without  having  recourse  to  cutting 
the  same,  when  in  moderate  depths  say  up  to  1,000  fathoms. 
This  restraining  force  cannot  be  directly  put  upon  the  cable 
without  injuring  it,  so  recourse  is  had  to  the  device  of  iixing 
one  or  two  large  brakes,  of  the  Ap|)old  type,  to  an  extension 
of  the  paying-out  drum  shaft.  The  accompanying  figure  will 
serve  to  indicate  to  the  student  the  kind  of  brake  generally 
employed  for  this  purpose.  The  engineer  in  charge  calculates  the 
necessary  stress  required  for  the  particular  type  of  cable,  depth  of 
water,  and  speed  of  ship ;  and  after  making  his  calculations  he 
applies  the  desired  weights,  W,  at  the  end  of  the  brake-lever. 

The  brake  runs  in  a 
trough  of  water,  so  that 
the  heat  generated  be- 
tween the  wooden  blocks 
and  the  brake- wheel  may 
be  carried  off  quickly,  as 
well  as  to  ensure  that  the 
coefficient  of  friction  may 
remain  as  constant  as 
possible.  In  order  to  test 
whether  too  much  or  too 
little  slack  is  being  paid 

Appold's  Bram  for  thb  Pay-out  Geab     ^^^  ^t  any  time,  the  en- 
OF  Submarine  Cablbs.  gineer  adds  a  slight  ex- 

cess of  weight  over  his 
-calculated  amount,  W,  for  a  short  time,  and  then  subtracts  a 
slight  amount  for  an  equivalent  time ;  when,  by  aid  of  the  tacho- 
meter or  speed  counter  on  the  paying-out  drum,  and  the  ship's  log, 
as  well  as  the  known  length  of  cable  for  each  revolution  of  the  drum, 
he  is  able  to  permanently  adjust  the  required  amount  of  brake- 
weight  during  a  run  of  several  nauts  for  a  uniform  speed  of  the  ship. 
Differentiar  Brake  for  Lord  Kelvin's  Deep -Sea  Sounding 
Machine. — Another  interesting  illustration  of  the  application  of 
^  brake  to  marine  purposes  is  contained  in  Lord  Kelvin's  deep-sea 
pianoforte-wire  sounding  machine.     The  object  to  be  attained  by 
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this  differential  brake  is  to  put  the  necessary  restraining  force 
upon  the  sounding  wire  as  it  is  being  lowered,  and  to  suddenly 
stop  the  same  immediately  the  lead  reaches  the  bottom  of  the 
ocean,  so  that  the  correct  depth  may  be  registered  by  the  counter 
attached  to  the  wire-drum.  The  brake  weights  are  attached  to  a 
rope  which  passes  over,  and  is  fixed  to  the  larger  pulley  (shown  at 
the  right-hand  top  comer  of  the  figure),  whilst  the  brake-wire  is 
attached  to  a  smaller  pulley  on  the  same  spindle.  This  brake-wire 
passes  round  a  V-groove  on  the  side  of  the  drum  containing  the 
pianoforte  wire,  and  its  other  end  is  fastened  to  the  framing. 
When  heaving  up  the  pianoforte  wire  from  a  great  depth  with  the 
^'lead''  attached  thereto,  it  was  found  necessary  to  tske  a  turn  of 
the  sounding-wire  round  the  "strain-relieving  pulley"  in  order 
to  prevent  the  drum  being  damaged  by  the  constant  tension  on 
the  sounding- wire. 

Dynamometers.'^ — It  is  frequently  of  great  practical  importance 
to  ascertain  by  direct  experiment  the  "  nett  **  power  developed  by 
motors  or  expended  in  driving  machines.  For  example,  steam, 
gas,  and  oil  engines,  turbines,  water  wheels,  and  electric  motors, 
&c.,  are  being  designed,  made,  and  sold  every  day  to  drive 
machinery  of  one  kind  or  another.  It  is,  therefore,  surely  far 
better,  both  for  the  buyer  and  the  seller,  to  know  the  exact  "  Brake 
horse-power"  (B.H.P.)  which  a  generator  will  develop  at  a  certain 
speed  and  under  a  certain  mean  pressure,  than  to  vaguely  talk  of 
the  "Nominal  horse-power*'  (N.H.P.  whatever  that  may  mean);  or 
«ven  to  speak  of  the  "  Indicated  horse-power"  (I.H.P.)  in  the  case 
of  engines;  or  the  "Gross  horse-power*'  in  regard  to  hydraulic 
machines;  or  the  "Electrical  horse-power"  (E.H.P.)  with  respect 
to  dynamos.  It  is  also  surely  far  better  to  know  exactly  the 
Brake  horse-power  which  a  certain  machine,  or  even  a  section  or 
the  whole  of  a  factory  requires  when  worked  under  certain  con- 
ditions, than  to  make  a  rough  guess  at  the  amount  from  vague 
data  or  even  previous  general  experience.  For,  it  is  by  aid  of  such 
tests  that  the  "  mechanical  efficiency  "  of  the  motors  and  machines 
'Can  be  accurately  determined  and  further  improvements  take 
place  in  raising  their  efficiency. 

It  is,  therefore,  with  a  certain  pleasure  that  the  author  places 
before  the  student  a  few  of  the  many  devices  that  have  been 
invented  for  obtaining  the  brake  horse-power  developed  by  motors 
or  required  for  driving  machinery;  because,  he  has  been  per- 
sistently advocating  the  adoption  of  this  system  of  ganging  power 
for  many  years.  Ever  since  the  introduction  of  electric  lighting 
4ind  the  transmission  of  power  by  electricity,  this  view  of  the  case 

*  The  word  dynamometer  is  derived  from  the  Greek  words  ivifUfuv^  Bigni- 
fying/orce,  and  tirrp€»^  to  meature. 
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has  year  by  year  become  more  appreciated  and  been  tabea  advaa- 
ta{^  of.  It  ie  not  too  roach  to  say,  that  the  general  engineer  has 
been  greatly  indebted  in  this  respect,  to  his  colleague  the  electrical 
engineer.  For  all  powers  up  to  300  H.P.  or  so,  there  ia  no 
practical  difficulty  in  making  exact  brake  trials;  and  probably  in 
the  near  future,  we  shall  see  engines  of  1,000  H.P.  and  upwards 
test«d  and  paid  foi'  by  this  uniform  and  reliable  standard.  There 
are  two  main  types  of  mechanical  dynamometers— (1)  Absorption 
nr  Friction  Brake  ;  (2)  Transmission.  Absorption  dynamometers 
absorb  the  work  which  they  help  to  measure  and  dissipate  the 
same  as  heat.  Whereas,  tranamiaaion  dynamometers  pass  on 
the  work  which  they  help  to  measure,  and  only  waste  a  small 


OiaonttJ,  Pbont  Prikr  DrMmoMBrBa 
Ihdbx  to  Parts. 
WB  for  Wooden  blooks.  1  I B  for  Stiff  iroo  bar. 

D  „  Dram  or  pulley.  SB   „    Saltert  bilanoa. 

3  „  Driving  ihaft.  C\V   „    Counterweight. 

b|d]  „  Bolte  with  ram's  horn  nuts.    |         AN   ,,    Adjusting  nut. 
fraction  of  the  total  work  delivered  to  them.    In  the  first  instance, 
we  shall  describe  with  an  example  the  Prony  brake,  because  it  will 
form  an  easy  introduction  to  more  recent  and  perfect  kinds. 

Absorption  DynamometerB.— Prony  Brake.— This  dynamometer 
is  only  a  particular  application  of  the  friction  brake  sJready  men- 
tioned in  this  Lecture.  As  will  be  seen  from  the  following 
figure  and  "index  to  parte,"  a  pulley  or  drum,  D,  keyed  to  the 
shaft,  S,  is  gripped  between  two  wooden  blocks,  W  B,  which  may 
be  tightened  or  loosened  (as  required  to  produce  more  or  less 
fHction  between  them  and  the  pulley)  by  turning  the  ram's  horn 
nute  of  the  bolts,  b^  b^  An  iron  bar  fixed  across  the  top  of  the 
upper  block  (or,  if  preferred,  along  the  bottom  of  the  lower  one) 
is  balanced  by  a  counter  weight,  CW,  and  has  either  an  adjustable 
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weight  or  a  Salter's  spriDg-balanoe,  S  B,  fixed  to  the  other  end 
at  a  known  distance  or  radins,  r,  from  the  centre  of  the  shaft. 
Or,  the  counter  weight  may  be  dispensed  with,  and  the  bar  ex- 
tended to  the  left  side  instead  of  to  the  right,  and  allowed  to 
press  upon  the  platform  or  table  of  an  ordinary  Pooley  weighing 
machine.* 

Method  of  Taking  Test  for  Brake  Horse-Power.  —  1.  Adjust 
position  of  0  W  until  it  balances  the  weight  of  I B,  A  19,  and  S  B, 
with  the  wooden  blocks  slack  on  the  pulley. 

2.  Start  machinery  and  tighten  blocks,  W  B,  by  the  ram  nuts 
until  the  desired  speed  is  attained.  At  the  same  time,  adjust  S  B 
by  nut,  A  N,  until  a  balance  is  obtained,  taking  care  to  keep  I B 
level  by  aid  of  a  length-rod  or  pointer. 

3.  Note  number  of  revolutions  per  minute  by  a  tachometer  or 
speed  indicator  if  great,  or  a  counter  and  stop-watch  if  slow. 

4.  Note  the  stress  indicated  by  spring  balance. 

Then,  the  horse-power  absorbed  by  the  brake  is  obtained  from 
the  formula : — 


B.H.P.  = 


2  flrrnP 
33,000 


Where,        r  =  Radius  or  horizontal  distance  from   centre  of 

balance  to  centre  of  shaft  in  feet. 


M 


i> 


n  »  Number  of  revolutions  per  minute. 
P  =  Pull  indicated  by  the  Salter's  balance. 


Since,  W^  "  0001904  =  a  constant. 

We  get,  B.H.P.  =  -0001904  x  r  x  n  x  P. 

Example  II. —  A  small  fast-speed  Westinghouse  engine  was 
fitted  with  a  Prony  brake  of  the  form  just  described.  The  fly- 
wheel was  2  feet  diameter  and  6  inches  broad.  The  horizontal 
distance  from  the  centre  of  the  crank-shaft  to  the  centre  of  the 
spring-balance  was  2*5  feet;    the  mean  revolutions  per  minute 

*  This  Utter  method  of  registerinff  the  forces  prodnoed  bv  the  friction 
between  the  revolying  pnlley  and  the  stationary  wooden  blocks  is  very 
handy,  when  engines  are  having  their  steam  consumption  re^^tered  for 
long  continuous  runs,  during  the  process  of  getting  their  bearing  surfaces 
into  good  working  condition.  Any  alteration  in  the  balancing  force  is 
easily  effected  by  simply  shifting  the  small  adjusting  weight  along  the 
light  arm  of  the  weighins  machine,  and  little  or  no  attention  need  be 
paid  to  the  brake  lever.  Besides  which,  there  can  be  no  danger  to  the 
attendant  in  the  case  of  the  pulley  firing  and  seising  the  wooden  blocks. 

10 
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were  624,  and  the  mean  pull  on  the  spring-balance  was  48  IbfL 
Find  the  brake  horse-power. 


Here,  r=2-5ft.;n  =  624;P  =  481b8. 
.•.  H.P.  =  -0001904  X  r  X  n  X  P 
.-.  H.P.  =  0001904  X  2-5  x  624  x  48 
.-.  H.P.  =  14-26. 


Or,  by  logarithms  : — 

log.  0001904  =  4-2797 
„  2-5  =0-3979 
„  624  =  2-7952 

„    48  =1-6612 


Antilog.  of  11540  =  14-26. 


It  is  important  to  note,  that  neither  the  diameter  of  the  pulley 
nor  the  pressure  of  the  friction  blocks  on  the  same  (due  to  the 
weight  of  the  apparatus  or  the  tightening  of  the  ram  nuts),  nor 
the  coefficient  of  friction  enter  into  the  formula  for  obtaining 
the  horse-power.  The  only  data  required  being  the  horizontal 
length  of  lever,  r,  the  number  of  revolutions  per  minute,  n,  and 
the  pull,  P. 

For,  let  py  be  the  pressure,  and  /,  the  coefficient  of  friction 
between  the  face  of  the  drum  D,  and  two  brake  blocks  W  B, 
then  the  twisting  moment  T,  tending  to  turn  the  brake  blocks 
round  with  the  shaft  is 

T  =  2p/x  ri 

Where  r^  is  the  radius  of  the  pulley  or  drum,  D,  in  feet. 

But  this  twisting  moment  is  balanced  by  the  pull  on  the  spring 
balance,  P,  multiplied  by  its  leverage,  r. 


2p/r^  =  Pr. 


The  angle  turned  by  the  pulley  or  drum,  D,  per  minute  =  2  ^  n 
radians,  and  since  the  work  done  by  a  couple,  is  the  product  of  its 
moment  into  the  angle  through  which  the  body  turns : — 

The  work  absorbed  by  friction  =  The  work  done  per  minute  in 
foot-pounds. 

Or,     2  p/r^  x2crn=  Prx2crn 

Prx2flrn       2'Trn'P 


«  # 


B.H.P.  = 


'33,000  33,000 


Improved  Prony  Brake.  —  Another  very  useful  and  practical 
form  of  Prony  brake  is  that  shown  in  the  following  figure.  It  is 
more  suitable  for  larger  powers  and  larger  pulleys  or  flywheels 
than  that  shown  by  the  previous  illustration. 
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In  this  form  of  Prony  brake  the  couoterbaliince  weight,  iroD 
bar,  aud  two  wooden  blocktt,  Jic.,  are  replaced  hy  one  or  twu 
thin  Bteel  etraps,  S  H,  fitted  with  a  large  number  of  haid  wood 
blocks,  W  B,  placed  about  2  inchea  apart.  These  blocks  are 
generally  made  of  the  same  width  as  '^e  flywheel,  F  W,  upon 
which  they  bear,  and  they  are  kept  from  slipping  to  one  side 
or  the  other  by  a  number  of  metal  clips,  C,  C,  screwed  on  each 


ImPKOVBD  PROHT    BrAK*  DTVAMOKnnt. 

lids  of  them.  On  ebtrtiug  the  engioe,  the  adjusting  nnt^  AN, 
is  left  quite  ulack  until  the  desired  speed  baa  been  attained. 
It  is  then  gradually  turned  until  the  necessary  pull  is  registered 
by  the  Salter's  balance,  S  6.  Should  this  tightening  up  of  the 
brake-strap  raise  the  pointer,  P,  above  the  level  line,  P  S,  then  the 
adjnsting  link  between  S  B  and  P  will  have  to  be  turned  in  a 
direction  that  will  bring  P  down  a  little,  when  a  slight  slackening 
«f  A  N  will  probably  let  P  down  to  the  level  mark.     The  spirvl 
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spring,  S  S,  between  the  outstanding  lugs  of  the  brake-strap,  server 
to  give  the  brake  a  little  more  elasticity  than  it  would  otherwise 
have,  and  also  keeps  these  lugs  hard  against  the  head  and  nut  of 
the  adjusting  bolt.  After  the  desired  speed  and  pull  have  thus 
been  rendered  fairlj  constant,  a  set  of  readings  should  be  taken 
every  ten  or  fifteen  minutes  over  a  period  of  several  hours,  and 
the  mean  B.H.P.  obtained  from  the  mean  speed,  n,  and  pull, 
P,  and  horizontal  distance,  r,  in  exactly  the  same  way  as  in  the^ 
previous  example,  viz. : — 

T^Txp   _  2crrnP 

Ifc  will  be  evident  from  the  figure,  and  from  what  we  said  about 
the  ordinary  Prony  brake,  that  toe  Salter's  balance  may  be  replaced 
by  a  Pooley  weighing  machine  resting  on  the  ground,  and  a  stiff 
vertical  bar  fixed  between  the  bottom  of  the  sidjusting  bolt  and 
the  platform  of  the  weighing  machine. 

Appold's  Compensating  Lever.* — One  of  the  best  known  form» 
of  friction-brake  dynamometers  fitted  with  a  compensating  device,, 
is  that  designed  by  Mr.  C.  E.  Amos  and  Mr.  Appold,  and  was 
the  form  used  at  one  time  for  large  |)owers  by  the  Royal  Agricul- 
tural Society.  It  is  similar  to  that  shown  by  the  previous  figure ; 
but,  besides  a  hand-adjusting  screw  at  A  S,  it  is  provided  with  a 
compensating  lever,  E  0  D,  by  means  of  which  the  rise  or  fall  of 
the  load,  W,  is  attended  with  a  decrease,  or  increase,  in  tension  on 
the  brake-strap,  so  that  a  position  of  equilibrium  may  be  auto- 
matically attained  without  causing  inaccuracy  in  the  indications. 
With  a  given  tension  in  the  brake-strap,  and  with  the  load,  W, 
carried  so  that  its  point  of  suspension,  A,  is  opposite  the  pointer 
mark,  >  ,  the  lever,  E  0  D,  takes  a  vertical  position ;  but  as- 
soon  as  the  load,  W,  is  liilted,  the  lever  pivoted  at  E,  moves  round 
to  the  left  hand,  and  virtually  increases  the  length  of  the  brake- 
strap,  and  thus  slackens  it,  allowing  the  load  again  to  descend. 
If,  on  the  other  hand,  the  total  friction  decreases  and  is  insufficient 
to  carry  the  load  in  its  normal  position,  the  descending  load 
presses  round  the  point  of  the  compensating  lever  to  the  right, 

*  The  following  four  figures  are  from  T^  Proc,  Inst,  C.E,^  vol.  xcv.^ 
Session  1888-89,  by  kind  permission  of  the  Council,  from  a  Paper  by  W.  W. 
Beaumont,  M.Inst.C.E.,  on  ''Friction  Brake  Dynamometers,"  which  the 
student  shoald  consult,  not  only  for  the  information  contained  in  the 
paper,  but  also  for  that  derivable  from  the  excellent  and  extensive 
discussion.  For  a  description  of  "  Fronde's  Turbine  Brake,"  see  Dr. 
Edward  Hopkinson's  and  Mr.  R.  E.  Froude's  remarks  on  Mr.  Beaumont's 
paper,  as  well  as  Prof.  Osborne  Reynold's  paper  "  On  the  Triple- Expansion 
Engines  and  Engine  Trials  at  the  Owens  College,  Manchester,"  Proc^ 
Inst,  C.B,,  vol  xcix.,  Session  1889-90. 
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thus  tightening  the  strap  and  increasing  the  frictional  grip  until  the 
•conditions  are  again  such  as  will  enable  the  lever  to  reassume  the 
vertical  position.  If  the  change  in  the  position  of  the  point  of 
suspension  of  the  load  has  been  due  to  a  temporary  cause,  this 
automatic  action  may  restore  the  balance  without  further  adjust- 
ment ;  but  if  the  departure  from  the  normal  position  is  not  small, 
then  adjustment  by  hand-screw  at  A  S  must  be  resorted  to.  It 
wUl  be  seen  that  the  compensating  action  cannot  come  into  play 
•except  by  the  rise  or  fall  of  the  weight  from  its  proper  position, 
and  hence  the  value  of  the  device  is  confined  to  its  power  of 
limiting  that  rise  and  fall. 

So  long  as  the  Appold  brake  is  not  used  for  more  than  15  H.P., 
and  is  sufficiently,  but  still  sparingly,  lubricated  with  tallow  or 
Buet,  the  friction  between  the  wooden  blocks  and  iron  wheel  is 


AS 


Appold*b  Compbnsatiko  Brake,  as  used  bt  the  Royal  Agrzcultural 

SOCIBTT. 

sufficient  at  ordinary  speeds  to  balance  the  load  without  tightening 
the  belt-strap.  Under  these  conditions  the  compensating  lever 
does  not  sensibly  affect  the  results,  since  the  pull  on  it  will  not 
be  more  than  a  few  pounds.  The  conditions  are  the  same  as,  or 
very  similar  to,  those  which  would  obtain  if  the  brake  were  with- 
out a  compensating  lever,  but  with  a  strap  so  slack  that  the 
bottom  blocks  barely  touch  the  wheel. 

Id  the  correspondence  upon  Mr.  Beaumont's  paper.  Professor 
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T.   Alexander  and    Mr.    A.   W.    Thomson  considered  that   the 
Appold  brake  gave  accurate  resalt«  when  it  was  used  properly. 

Let      W  =  Load  on  brake-strap  (see  foregoing  figure). 

„    Tf  T3  =  Tensions  at  two  ends,  C  and  D,  of  strap  connected 

to  lower  ends  of  compensating  lever. 

yy  P  =  Pull  on  upper  end,  at  E,  of  this  lever. 

„     fj  r^  =  Radii  of  brake-strap  and  wheel  respectively 

„  F  =  Total  friction  of  brake-strap. 

Suppose  the  lever,  E  C  D,  to  take  some  definite  fixed  position, 
say  to  the  left  of  the  vertical  when  the  engine  is  working  smoothly. 
In  this  position,  the  lever  may  be  supposed  to  be  fixed  to  the 
ground.  The  tension  of  the  brake-blocks  on  the  lever  towards 
the  right  at  0,  and  left  at  D,  are  represented  in  the  figure  by  T^ 
and  T3.  On  the  other  hand,  the  reactions  of  the  lever  on  the 
brake-blocks  are  T^  towards  the  left  at  C,  and  T3  towards  the  right 
at  D.  Then,  since  there  is  equilibrium,  the  sum  of  the  moments 
round  the  centre,  O,  of  the  weight,  W,  the  friction  of  brake-blocks, 
and  the  tensions,  T^  and  T3,  is  zero.  Now,  if  we  consider  the 
lever  as  not  fixed  to  the  ground,  but  pivoted  at  E,  then  R,  the 
resultant  of  T2  and  T3,  must  pass  through  R  Tg  and  T3  may  now 
be  replaced  by  R,  and  the  sum  of  all  the  moments  round  O  is 
again  zero.  Resolve  R  into  vertical  and  horizontal  components, 
y  and  P,  acting  at  the  point  E  Since  E  is  vertically  under  O, 
the  line  of  action  of  Y  passes  through  O,  and  its  moment  is  zero ; 
and,  therefore,  the  sum  of  the  moments  round  the  centre,  O,  of 
the  weight,  W,  the  friction  of  brake-blocks,  and  the  horizontal 
force,  P,  acting  towards  the  left  at  E,  is  zero ;  that  is  : — 

Wri  =  Fr^  +  P  X  OE. 

The  amount  of  this  horizontal  force,  P,  can  be  easily  measured 
by  a  spring-balance.  With  a  low  coefficient  of  friction,  the  tension 
on  the  brake-strap  has  to  be  increased ;  and  since  the  ratio  exist- 
ing between  Tg  and  T3  is  constant,  dependiig  on  the  proportions 
of  the  lever,  it  follows  that  P  may  be  of  considerable  amount ; 
and  any  quantitative  results  calculated  without  taking  it  into 
account  will  be  erroneous.  With  a  high  coefficient  of  friction  the 
force,  P,  may  be  small,  and  the  results  might  probably  be  not  far 
wrong,  even  if  P  were  left  out  of  account.  In  every  case,  how- 
ever, where  accuracy  is  desired,  the  moment  of  P  must  be  con- 
sidered. 

Professor  A.  B.  W.  Kennedy  in  his  paper  on  the  "  Use  and 
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Equipment  of  Engineering  Laboratories"'^  says,  that  if  the 
Appold  pendulum- lever  is  used  in  any  form  for  the  automatic 
adjustment  of  the  brake,  it  should  be  so  arranged  that  its 
own  pressure  can  be  measured  and  allowed  for.  He  prefers  to 
use  this  brake  in  the  manner  illustrated  by  the  accompanying 
figure  where  the  small  weight,  U7,  is  adjusted  from  time  to  time  in 
order  to  keep  the  brake  always  floating  freely.  The  changes  in 
this  weight  have  to  be  noted,  and  the  necessary  allowance  made 
in  the  calculation  for  the  B.H.P.  He  also  believes  that  the  side 
pressure,  P,  of  the  upper  end  of  the  pendulum-lever,  as  it  was 
arranged  in  the  Boyal  Agricultural  Society  brakes,  if  not  measured 
and  allowed  for,  causes  a  veiy  considerable  error  in  the  calculated 
power.  He  also  thinks  that  the  brake  should  be  large  enough  to 
run  dry,  as  it  is  much  more  easily  kept  under  control  under  these 

circumstances,  t 


Impbovicd  Method  of  XJsnro  thx  Appold  Brakx  as  a  DTNAMomrBB. 

Semicircalar  Strap  Dynamometer. — One  very  simple  form  of 
dynamometer  which  avoids  the  objections  previously  mentioned 
in  regard  to  the  Appold  compensating  lever,  is  shown  by  the 
following  figure.  Here,  a  semicircular  strap  of  leather,  or  a 
number  of  ^  to  ^inch  wires  or  steel  bands,  lined  with  hard  wood, 
are  attached  at  one  end  to  a  constant  weight,  W,  lbs.,  and  at  the 
other  end  to  a  Salter's  balance.  The  weight,  W,  should  be 
tethered  to  some  fixed  bolt  in  the  floor  by  a  slack  piece  of  flexible 

*  See  vol  Izzxviii.  (Slat  Dec.,  1886)  of  The  Proeetdmga  qfthe  InstUution 
qf  Civil  EnginurSf  London,  for  Prof.  Kennedy's  paper.  Also  see  The 
MeehanicM  ^  Machinery,  by  Prof.  Kennedy,  pabliahed  by  Maomillan  ft  Co., 
p.  632. 

t  The  student  will  observe  that  this  method  of  using  the  Appold  brake 
M  a  dynamometer,  is  the  same  as  that  referred  to  at  the  beginnmg  of  this 
Lecture,  for  restraining  a  submarine  cable  from  passing  too  rapidly  to  ~  ~ 
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rope  in  order  to  prevent  the  possibility  of  it  being  carried  bodily 
over  to  the  injury  of  the  attendants  in  the  case  of  the  pulley  firing 
and  gripping  the  brake.  If  the  flywheel  or  pulley  revolve  in  the 
direction  shown  by  the  arrow,  and  the  pointers,  ><■  i  are 
kept  level  with  each  other,  then  the  net  pull  on  the  brake  will 
be  (W  -  S)  lbs.,  where  S  is  the  stress  registered  by  the  Salter's 
balance.  Hence,  if  r  be  the  horizontal  distance  in  feet  from  the 
centre  of  the  shaft  to  the  vertical  centre  line  of  the  weighty  W, 


balan^nm 


Skmicircitlab  Strap-Brake  Dtnahombter, 

as  well  as  to  the  centre  line  of  the  Salter's  balance,  and  n  the 
number  of  revolutions  per  minute.     Then  : — 


The  work  done  per  mimUe  en 
the  pvUey  and  dissipated  in 
heat 


in>  = 


2«-rn(W  -  S)  foot-lbs. 


And,  the  B.H.P.  =  2fflrrn(W-S)-^  33,000. 

This  form  of  absorption  dynamometer  has  several  objections  : — 

1.  The  lubrication  requires  considerable  attention.  (This  fault 
is  also  common  to  all  the  previously  mentioned  dynamometers.) 

2.  The  oil,  grease,  or  soapy  water  used  for  lubricating  the  &ce  of 
the  brake- wheel  bespatters  the  floor,  <Scc.,  and  the  observer's  clothes, 
unless  the  precaution  is  taken  to  thoroughly  encase  the  lower  half 
of  the  wheel.  (This  objection  is  also  common  to  the  previously 
mentioned  dynamometers.) 

3.  If  everything  is  not  perfectly  adjusted  and  running  quite 
smooth,  oscillations  producing  a  hunting  up  and  down  action  set 
iui  due  to  variations  in  the  friction;  and  consequently^  considerable 
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giieBsiDg  and  frequent  obeervatioDB  have  to  be  taken  of  the  Baiter's 
bttUuce. 

These  sever&l  objections  are  entirely  obviated  by  adopting  the 
Tope-brake  which  we  shall  now  illuatrete  and  describe. 

Society  of  Arte  Rope  Dynamometsi.* — The  jurors  for  the 
famous  gas  engine  trials,  held  under  the  aaspices  of  the  London 
"Society  of  Arts"  in  1888,  were  the  first  to  publicly  use  a  rope- 
brake  in  any  extensive  series  of  competitive  trials,  and  hence  the 
general  name  which  has  been  given  to  this  very  simple  and 
excellent  form  of  brake.     But,  as  will  be  seen  from  our  footnote, 


Arts  Bops  DrvAvouKraB. 


Tope-btakea  bad  been  designed  and  used  prior  to  these  testa  by 
at  least  four  well-known  persons.     As  will  be  gathered  from  the 

*  The  flrat  rope-brake  of  which  we  have  soy  record  whs  inventad  by 
Sir  Wm.  ThomsoD,  in  1872,  and  applied  to  hii  deep  sea  BoundiDg  mschine 
aa  previousty  described  in  this  Lecture.  Prof.  James  Thomeon,  of  Gliis(|OW 
University,  devised  a  rope-brake  ergometer  prior  to  1860,  aea  Stipineermg, 
Oct.  39,  188D,  p.  379.  An  slmoBt  identical  compenaatin);  Tope-biake  waa 
alio  invented  by  M.  Carpenter,  of  Paris,  in  1880,  see  Pmc.  itut.  C.E., 
vol.  liiii.  {1881,  part  I.),  p.  404.  For  a  modification  of  this  brake.  Ire 
Prof.  BotT,  of  Olassow  University,  which  is  very  similar  to  that  afterwanu 
nted  by  the  "Society  of  Arta,"  see  Pnx.  ItuL  C.E.,  vol.  Ixixviii.  (1887, 
part  IL),  f.  110,  and  also  voL  icv.  (1889,  part  I.),  p.  31. 
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followiDg  three  sets  of  figures,  this  brake  consists  of  an  endle.s» 
flexible  rope,  doubled  round  a  pulley  or  the  flywheel  of  an  engine,, 
and  fitted  with  several  I  |  shaped  wooden  distance  pieces,  in 
order  to  keep  the  two  parts  of  the  rope  uniformly  apart  and 
also  to  prevent  them  slipping  off  the  wheel.  These  distance 
pieces  or  clips  should  be  secured  to  the  rope  by  soft  copper  wire 
lacing,  drawn  in  from  the  outside  of  the  clips  and  then  through  the 
centre  of  the  rope,  instead  of  being  fastened  thereto  by  nails  or  screws 
from  the  inside ;  for  such  latter  metal  fastenings  are  liable  to  part, 
to  heat,  and,  consequently,  char  the  roi^e.  The  rope  should  be 
thoroughly  stretched  and  treated  with  castor  oil  or  grease  and  black 
lead  powder,  prior  to  its  being  fitted  to  the  wheel  and  to  the  clips, 
whenever  long  and  important  tests  are  desired.  No  fui*ther 
lubrication  is  required,  and  consequently  the  first  and  second 
defects  mentioned  on  a  previous  page  as  pertaining  to  stra|)-brakes 
are  entirely  avoided.  If  large  powers  are  to  be  demanded  from 
a  wheel  of  limited  size,  then  it  should  have  its  rim  of  ^  * 
section,  so  that  a  small  stream  of  water  may  be  played  into  the 
inside  of  the  hollow  part  of  the  rim,  which  water  will  help  very 
materially  by  its  evapoi-ation  to  dissipate  the  heat  generated  by 
the  friction  between  the  brake  rope  and  the  outer  surface  of  the 
wheel.  The  surface  of  the  pulley  should  be  flat  instead  of  rounded, 
in  order  to  get  the  rope  to  work  perfectly  smooth,  and  a  trial  run 
of  a  few  hours  prior  to  the  special  test  ia  advisable,  in  order  to 
bring  about  a  small  flat  glazed  surface  on  the  rope,  which  glazing 
is  materially  assisted  by  the  previous  application  of  the  black  lead 
powder.  For  anything  up  to  5  B.H.P.  at  1,000  or  more  feet  per 
minute  of  friction  surface  speed,  the  author  has  found  that  a 
flexible  ship's  log-line  about  *d  inch  in  diameter  with  a  double  turn 
round  the  wheel  forms  an  excellent  brake  rope.  From  5  to  10 
B.H.P.  a  *5-inch  diameter  manilla  rope  serves  the  purpose.  From 
10  to  30  B.H.P.  a  -fi-inch  rope  will  do,  and  for  100  to  150  B.H.P. 
(at  about  4,000  feet  per  minute)  four  turns  of  1-inch  rope  on  a 
large  16  feet  diameter  flywheel  runs  quite  cool,  as  may  be  seen 
from  the  last  example  on  absorjition  dynamometers  in  this  Lecture. 
Advantages  of  the  Rope-Brake. — The  author  has  tested  a  large 
number  and  variety  of  motors  with  the  rope-brake,  and  he  considers 
that  it  has  the  following  advantages  : — 

1.  It  can  be  constructed  on  short  notice,  from  materials  always 
at  hand,  in  a  factory  or  workshop,  and  at  little  expense. 

2.  It  is  so  self-adjusting  that  very  accurate  fitting  is  not  required. 

3.  It  can  be  put  on  and  taken  off  the  brake-wheel  in  a  very 
short  time. 

4.  Being  comparatively  light  and  of  small  bulk,  it  can  be  hung 
up  on  the  wall  of  the  testing  room,  or  laid  past  in  a  cupboard  for 
future  use. 


TWO   rORUS  OF   ROPE-BRAKE. 


Fig.  I.  Fig.  2. 

THE  TWO  FORMS  OF  ROPE  BRAKE 

BT  PFD^.  .TaMIEBON  in  TlSTniO  THB  "  ACICB  OaB  ENOTint,"  AlTD 

"Bbowm's  RoTARr  ENaiNB"  rotL  Braki  Home-Powkr. 
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5.  It  requires  no  attention  whatever  for  lubrication,  if  the 
previouslj  mentioned  precautions  as  to  treating  and  fitting  the 
same  are  attended  to. 

6.  The  back  pull  registered  by  the  spring-balance  may  be 
rendered  very  steady  and  of  small  amount  by  properly  adjusting 
the  weight,  W,  prior  to  the  commencement  of  the  recorded  brake 
trials. 

7.  The  brake-wheel,  if  of  the  proper  size,  soon  attains  a  maximum 
temperature,  so  that  the  radiated  heat  equals  that  generated  by 
the  friction. 

8.  It  may  be  used  for  very  small  as  well  as  for  large  powers. 

9.  For  large  powers  more  and  stronger  ropes  are  only  required  on 
«  comparatively  larger  wheel,  and  with  the  water  cooling  device 
mentioned  in  the  previous  section. 

Tests  of  Engines  with  the  Rope-Brake. — ^Afler  what  we  have 
stated,  three  examples  of  such  tests  will  suffice  to  show  the  student 
the  wide  vanety  of  cases  to  which  the  rope-brake  may  be  applied. 
The  first  is  that  of  an  Acme  gas  engine  of  about  19  B.H.P.; 
the  second,  that  of  a  Brown's  fast-speed  rotary  steam  engine ;  * 
And  the  third,  that  of  "  Field's  combined  steam  and  hot-air 
engine.''!  The  results  of  the  first  two  are  given  in  the  first  table, 
and  those  of  the  third  in  the  second  table,  together  with  a  graphic 
•diagram  of  the  more  important  conclusions. 

Fig.  1  shows  the  arrangement  of  dead  weight  and  Salter's 
balance  used  by  the  author  in  testing  the  "  Acme  gas  engine," 
and  Fig.  2  the  way  in  which  he  applied  two  spring  balances  to 
the  bri^e  rope  in  case  of  "  Brown's  rotary  engine."  The  latter 
plan  has,  under  certain  circumstances,  particular  advantages  over 
the  former.  By  the  selection  of  two  spring  balances  with  different 
periods  of  oseillation,  the  tendency  to  jerk  or  "hunt"  may  be 
<x)nsiderably  reduced,  or  even  entirely  checked.  Also,  the  nett 
brake  load  (t.0.,  P,  the  difference  between  the  simultaneous  indica- 
tions on  the  two  balances)  may  be  kept  constant  throughout  the 
test  This  permits  of  the  logarithm  for  2  «*  r  P -^  33,000  being 
ascertained  and  written  down  as  a  constant,  prior  to  each  observa- 
tion, so  that  the  only  variable  to  be  recorded  is,  n,  the  revolu- 
tions per  minute.  Consequently,  the  B.H.P.  for  each  observation 
may  be  known  within  a  minute  or  two  after  the  mean  speed  has 
been  noted,  and  the  complete  data  may  then  be  plotted  to  scale  on 
A  graphic  diagram  before  taking  the  next  observation. 

*See  Proceedings  of  the  Imtitutkm  of  Engineers  and  SMpbuUdere  tn 
Scotland,  vol.  xxxv.,  Seesion  1891-92. 

ilhid,,  vol.  zxxviii.,  Session  1894-95,  for  the  author's  papers  on  these 
tests. 
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B.H.P.  Tests  of  an  "Acmb  Gas  Engine,"  and  of  a 
"Brown's  Kotaby  Enoine." 


Data. 

"  Acme 

Om  Engine" 

by 

Alex.  Burt  ft  Oo., 

Qlaasow. 

"Brown's 
BotoiT  Engine" 

Lang  &  Sons, 
Jonnstone. 

Duration  of  testa  in  hours,      .... 
Initial  gas  or  steam  pressure  in  lbs.  per  sq.  in. 

above  atmosphere, 

Final  gas  or  steam  pressure  in  lbs.  per  sq.  in. 

above  atmosphere, 

Radius  of  brake  load  in  feet,  .... 
Mean  revolutions  per  minute, 
Mean  nett  brake  load  in  lbs., 

Mean  B.H.P., 

Gas  in  cb.  ft  or  steam  in  lbs.  per  KH.P. -hour, . 

4 

150 

1 

2^71 
154 
231 
18-77 
1918  ekIL 

5 
95 

1-6 

2*042 
574-5 
93*2 
20-8 
S7'9  Ibi. 

The  author  was  recently  requested  to  test  and  report  upon  a 
new  departure  in  the  use  of  steam  in  steam  engines.  He  has, 
therefore,  much  pleasure  in  placing  the  results  of  his  experiments 
on  "Field's  combined  steam  and  hot-air  engine"  before  the 
student,  because  (1)  they  show  one  direction  in  which  economy 
may  be  attained  by  preventing  the  condensation  of  steam  in  the 
cylinder ;  (2)  the  brake  used  was  one  of  the  largest  in  this  country; 
(3)  the  table  and  the  graphic  diagram  of  results  will  form  a  useful 
example  in  case  the  student  should  be  called  upon  to  undertake 
similar  tests. 

This  invention  is  the  joint  design  of  Mr.  Edward  Field, 
M.Inst.M.E.  ^inventor  of  Field's  well-known  tubular  boiler),  and 
Mr.  F.  Saunders  Morris,  M.InstM.E.,  working  in  conjunction 
with  Messrs.  Musgrave  &  Co.,  of  Bolton,  and  Mr.  George  Dixon, 
their  chief  engineer.* 

It  consists  of  a  hot-air  pipe  connection  to  the  jacket  and  to  each 
end  of  a  single  cylinder  non-condensing  engine. 

A  Koots'  blower,  driven  by  the  engine,  draws  fresh  cold  air 
from  the  engine-room,  and  forces  the  same  through  a  series  of 
heating  pipes  placed  in  the  main  flue  between  the  boiler  or  boilers 
and  the  chimney.      This  heater  therefore  occupies  pretty  much 

*  For  a  complete  set  of  sectional  figures  of  the  cylinder,  general  arrange- 
ment of  plant,  and  indicator  diagrams,  see  the  author's  paper  on  this 
subject,  vol.  xxxviii.,  Proceedings  of  the  InstUtUion  of  Engineers  ttnd  Ship- 
builders in  ScoHandf  Session  1894-95,  from  which  we  have  been  kindly 
permitted  by  the  Council  to  use  the  following  two  figures  and  extract  of 
results 
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The  air  wan  main- 
tained, in  my  exp<trimeut8,  at  a 
mean  pn»aure  of  IJ  lbs.  on  the 
»quat«  inch,  and  delivered  to  the 
ends  of  the  cylinder  at  a  mean 
temgieratiire  of  553°  F.,  and  to 
the  valve-oaaing  jacket  at  about 
360°  F.  This  hot  air  was  admit- 
ted to  the  cylinder  through  S]>ecial 
cyhnder  coverB,  each  containing 
five  inlet  valves,  which  automati- 
cally opened  inwards  aa  soon  as 
the  exhauBt  steam  commenced  to 
eaca|>e.  Theae  valves  continued 
open  until  oompreaaion  com- 
mencttd,  being  held  close  to  their 
seats  by  light  spiral  springs. 
Oonseqnently,  the  whole  internal 
surface  of  the  cylinder  wa«  heated 
np  to  a  temperature  far  ex.ceeding 
that  of  the  steam,  thus  prevent- 
ing the  possibility  of  condensation 
takiug  place  within  the  cylinder. 
TJnder  these  circumatanc«s,  the 
excellent  result  of  18-6  lbs.  of 
steam  per  I.H.P.-hour  was  ob- 
tained from  a  single  cylinder 
Q on-condensing  engine — a  result 
which,  as  far  as  the  author  can 
learn,  has  never  been  equalled  by 
any  other  method  of  using  steam 
in  a  single  cylinder,  and  without 
subsequent  condensation. 

Brake  ff«w.  — The  lai^  fly- 
wheel, of  fully  50  feet  in  circum- 
ference and  20  inches  in  width, 
was  used  as  a  brake-wheel. 


Dhd  Vmw  o»  BtLiXK  Gun. 
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This  flywheel  was  encircled  by  four  parts  of  a  strong  and  flexible 
rope,  1  inch  in  diameter.  The  inner  ends  of  this  rope  were 
attached  to  a  spring-balance,  tightening  gear,  and  wooden  beam, 
while  the  outer  ends  were  connected  to  a  fixed  weight,  consisting 
of  nearly  1,000  lbs.  of  cast  iron  for  the  flrst  day's  trial,  and  about 
one-third  of  that  for  the  second  day's  run. 

In  other  words,  the  dynamometer  was  an  excellent  and  large 
example  of  what  has  now  come  to  be  termed  the  **  Society  of  Arts' 
brake."  It  worked  perfectly,  and  there  was  no  undue  heating 
anywhere.  This  was  no  doubt  partly  due  to  the  stream  of  water 
which  played  on  the  inside  of  the  Lh^  shaped  flywheel,  to  the 
large  surfacei  and  to  the  strong  draught  caused  by  the  £ekn  action 
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GsAPHio  Diagram  of  thb  Ohixp  Results  or  thb  Tests  of 
Field's  Combined  Steam  and  Hot-Aib  Engine. 

of  the  wheel.  As  far  as  possible,  however,  no  water  was  permitted 
to  get  between  the  rope  and  the  flywheel,  and  no  lubrication  of 
any  kind  was  applied  to  these  parts. 

CautUer. — The  number  of  strokes  and  revolutions  per  minute 
were  obtained  by  aid  of  a  "  Harding's  counter  "  fixed  to  the  crank 
fihaft 

Tegts, — First  of  all  the  permanent  data  marked  at  the  top  of  the 
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table  were  carefnllf  checked.  Thea,  aimultaneous  observations  werft 
taken  every  twenty  minutes  of  each  of  the  items  marked  iu  columns 
1,  2,  3,  7,  8,  11,  12,  13,  14,  18,  20,  21,  22,  23,  and  24.  The 
figures  in  columns  4,  5,  and  6,  relating  to  the  mean  pressure  in 
the  cylinder,  were  obtained  from  the  indicator  cards  which  were 
also  taken  from  each  end  of  the  cylinders  every  twenty  minutes. 
The  figures  in  the  other  columns  were  either  calculated  or  observed 
as  required  at  the  times  stated  in  the  respective  columns.  The 
more  important  observations  and  calculations  are  drawn  to  scale 
OD  the  foregoing  graphic  diagram. 

TranBtniaaioii  Dynamometers* — von  HebsT-Alteneck  or  Siemens' 
Dynamometer.- — Transmission  dynamometers  may  be  divided  into 
two  classes — (1)  those  which  help  to  measure  the  work  trans- 
mitted fay  a  belt  or  set  of  ropes ;  (2)  those  which  help  to  measure 
the  work  transmitted  by  a  shaft.  Of  the  first  class,  one  form  which 
has  been  used  largely  in  dynamo  tests  is  the  Alteneck-Siemens' 
dynamometer.  The  general  arrangement  of  this  instrument  is 
ehowQ  by  the  following  diagram. f     Power  is  transmitted  from  the 


Alteukce-Siemkhs'  Trahshissiok  DYVAUoiHTia. 

*  For  a  description  of  Morin's  Traction,  Rotatory,  and  Integratuig  Dyna- 
mometera,  «ee  Pnif.  Macquorn  VianiLiae'a  MaTivat  of  the  Steam  Engine  anil 
other  Prime  Moveri.  For  a  deacriptioD  of  Morin's,  Wobber'a  (similar  to 
White's),  Brigg'a  (modiScatiou  of  the  Alteneck-Siemens'),  Tatbam's, 
Brackett'a,  Webb'a,  Harttg's,  Emmerwin'B,  Van  Winkte'ii,  and  Flather'a 
tranamiasion  dynamometera,  see  Djftiamometert  and  the  Meatartmenl  of 
Poioer,  by  John  J.  Flather,  Ph.R,  published  by  John  Wiley  &  Sods, 
New  York. 

tThe  above  figure  U  reproduced  by  permission  from  "The  Electrician 
Series  "  of  Motivt  Power  caid  Oeariag,  by  B.  Tremlett  Carter. 
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pulley  A  to  the  pallej  B,  through  a  flexible  leather  belt,  C,  which 
passes  throuffh  the  dynamometer.  The  apparatus  consists  of  a 
rectangular  mimework,  D,  with  idle  pulleys  pivoted  at  the  four 
comers,  E,  F,  6,  H,  and  two  other  idle  pulleys,  I  and  M,  also 
pivoted  to  the  frame.  In  addition,  there  is  a  movable  pulley,  P, 
attached  to  a  lever  having  its  fulcrum  at  M,  and  its  other  end 
connected  to  a  dash-ix>t  or  pump-brake,  whereby  any  sudden 
jerking  motion  is  lessened  The  tight  side  of  the  belt  tends  to 
lift  this  pulley,  P,  while  the  slack  side  presses  it  down.  Attached 
to  the  lever  at  the  centre  of  P,  are  two  vertical  rods,  K  and  T. 
The  rod,  R^  terminates  at  its  lower  end  in  a  spiral  spring,  S,  the 
tension  of  which  is  adjusted  by  the  handle,  T,  and  indicated  on 
the  scale,  Z.  The  rod,  Y,  terminates  at  its  upper  end  in  a  small 
lever,  pivoted  at  O.  This  lever  carries  a  weight,  W,  and  is  pro- 
vided with  a  pointer  which  travels  over  a  scale  on  which  there  is 
a  zero  mark,  m.  The  instrument  having  been  fixed  in  position, 
the  handle,  T,  is  turned  so  as  to  bring  the  pointer  of  the  top  lever 
to  the  mark,  m.  The  reading  on  the  scale,  Z,  is  then  noted,  and 
the  engine  started.  Instantly,  the  upper  pointer  will  fiiU  below 
the  mark,  m,  on  account  of  the  pulley,  P,  being  lifted ;  but  this 
must  now  be  rectified  by  turning  the  handle,  T,  so  as  to  inci*ease 
the  pull  of  the  spring,  S,  until  the  pointer  again  stands  at  m. 
The  reading  on  the  scale,  Z,  is  again  noted,  and  the  former  reading 
subtracted  from  it  Simultaneously  with  these  observations,  the 
velocity  of  the  belt  must  be  observed  by  measurement  of  the 
speed  of  the  pulley  B.  Let  r  be  the  radius  of  the  pulley  B  in 
feet,  n  its  revolutions  per  minute,  P  the  difference  between  the 
two  readings  on  the  spring  scale,  Z,  and  k  a  constant  which  is 
marked  on  the  instrument     Then  : — 

2rrnP 
^'^'  "    33,000  A;  ' 

which  is  the  same  formula  we  had  before  in  the  case  of  the  Prony 
brake  and  the  other  forms  of  absorption  dynamometers  with  the 
exception  of  the  constant  k. 

The  difference  between  the  two  readings  on  the  scale,  Z,  con- 
stitutes the  difference  of  the  tensions  in  the  rod  B  when  the  belt 
is  doing  work  and  idle,  and  is  proportional  to  the  difference  of 
tensions  in  the  two  sides  of  the  belt  when  driving  the  pulley  B. 
The  constant  k  is  necessary  from  the  fact,  that  only  the  vertical 
components  of  the  tensions  in  the  belt  affect  the  rod  R.  If  ^  be 
the  angle  between  the  belt  (where  it  leaves  the  pulley  P)  and  the 
vertical  diameter  through  P  j  T^  and  T$  the  tensions  in  the  direct 

11 
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or  tight  and  slack  sides  of  the  belt  respectively,  and  v  the  velocity 
of  the  belt  in  feet  per  minute  (or  2  ?  rn),  then  : — 

Nett  pull  on  spring  S  «»  P  s  Difference  of  tensions  in  rod  R. 

P  -  2TdC08d~2T,  co8^  =  2  co8tf(Td  -  T,). 

p 

i.e,,  Td  -T,  =  ^ ^,  and  k  =  2  cos  ^. 

/i  cos  9 


Again,  the      H.P 


t>(Td-T^)  27rrnxP  2^rnV 

33,000     "  33,000  x  2  cos  tf  "^  33,000A;' 


Botatoiy  Transmission  Dynamometers  —  Epicyclic  Train,*  or 
King's,  White's,  and  Webber's  Dynamometers.— The  term  "  epi- 
cyclic train  dynamometer  "  is  applied  to  those  of  the  second  class 
of  transmission  dynamometers  which  help  to  measure  the  work 
in  a  shaft  by  transmitting  the  same  through  an  epicyclic  train. 
The  effort  exerted  is  measured  by  means  of  the  force  required  to 
keep  the  train-arm  at  rest      The  following  figure  will  serve  to 
-.Q  explain  the  principle  (although  not 
^11  the  full  details)  of  King's,  White's, 
^             ^                           andWebber's  transmission  dynamo- 
meters.     The  bevel  wheel,   B,  is 
driven  by  a  motor,  and  it  transmits 
its  motion  through  the  intermediate 
wheels  on  the  arm.  A,  to  the  bevel 
wheel,  C,  which  is  connected  to  the 
„              «         ^                         working  machinery.  The  train-arm, 

weight  or  spring  attached  thereto.  There  is  usually  a  counter 
weight  on  a  short  extension  of  this  arm,  A,  on  the  left-hand  middle 
bevel  wheel,  which  weight  serves  to  balance  the  longer  arm,  A. 
Suppose  the  arm.  A,  to  be  permitted  to  revolve,  then  no  work 
would  be  transmitted  from  B  to  0,  and  C  would,  therefore,  remain 
stationary.  In  this  case,  the  number  of  rotations  of  A,  in  a  given 
time,  would  only  be  half  that  of  B.  Consequently,  a  weight  placed 
on  B  at  a  certain  radius  from  its  centre  would  balance  double  that 
weight  at  the  same  radius  on  the  arm,  A  Therefore,  the  moment 
of  the  force  applied  to  the  arm,  A  (relatively  to  the  common  axis 
of  A,  B,  and  0),  roust  be  double  the  moment  of  the  force  trans- 
mitted from  A  to  C  when  the  arm.  A,  is  balanced.     Hence,  if  r  be 

*  The  word  epicyclic  is  derived  from  the  Oreek  words  iir£,  Bignifying 
upon,  and  kvkXo^,  a  drcU,  Hence  this  term  for  a  wheel  or  wheels  travel- 
ling aronnd  a  cirde  or  another  wheeL 
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the  laJius  of  the  pull,  P,  applied  to  A,  and  n  the  Dumber  of  revolu- 
tioDS  per  miniito  of  B  and  C,  then  :-  — 

The  work  tranBinitted  )       2 (t rn P 
per  Qiinute  f  "  ~     2       ' 

A..A   tk.  HD   _     2Tr7iP         arnP 


2  X  33,000  "   33,000 " 

Spring  DTDBmometerB— Ajrton  and  Perry's  and  Van  Winkle's 
TranamiBBion  Dynamometers.  —  Another  kind  of  dyuuniometer 
Wonging  to  the  secoud  cluaa  is  that  wherein  Bprings,  placed  at 


Pbom.  AntioH  t  PiRsi's  Traksuusioh  Dthamohetbr. 

a  certain  radius  from  the  centre  of  the  rotating  eha^  help  to 
measure  the  torque  therein  when  transmitting  power. 

One  of  the  simplest  and  moat  easily  understood  is  that  devised 
by  Profs.  Ayrton  and  Ferry,  of  the  City  and  Guilds  of  London 
Technical  Institute,  A  very  similai'  instrument  has  been  con- 
structed by  Mr.  Tan  Winkle  of  U.S.  America,  and  supplied  to 
a  firm  in  Chili  for  meaanring  up  to  600  horse-power  at  120 
revolutions  per  minute.  Thia  one  is  believed  to  be  the  largest 
tranamjsaion  djnamometer  ever  oanstructed. 

The  apparatus  illustrated  by  the  forejtoing  figure,  consists  of  a 
pulley,  F,  rigidly  fixed  to  the  shaft,  C  D,  a  loose  pulley,  O,  and 
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a  pulley,  H,  joined  by  the  spiral  springs,  B,  to  tbe  ribbed  plate,  E,. 
which  is  also  rigidly  fixed  to  the  shaft,  0  D.  If  the  motor  belt  be 
on  F,  and  the  belt  to  the  dynamo  or  driven  machine  on  H,  or  vice 
versdj  the  springs,  B,  will  be  stretched,  depending  on  the  ^'  torque  "" 
or  twist  transmitted.  The  extension  of  these  springs  by  means  of 
a  small  link-motion  (seen  at  the  lower  right-hand  corner  of  the 
figure)  causes  the  bright  bead,  A  (at  the  end  of  a  long  arm),  to 
approach  towards  the  centre  of  the  shaft  Hence,  the  smaller  the- 
radius  of  the  circle  described  by  this  bright  bead  as  it  revolves,  th& 
greater  the  torque.*  Consequently,  the  horse-power  transmitted 
is  at  once  obtained  from  observing  the  indicated  torque  and  the- 
speed  of  rotation.  The  arm  carrying  the  bead  is  slightly  flexible, 
and  when  no  power  is  being  transmitted  the  bead  is  pressed  with 
a  certain  force  against  the  rim  of  the  front  plate,  hence  the  bead 
does  not  commence  to  move  until  a  certain  pre-arranged  horse- 
power is  being  transmitted  at  a  given  speed.  Its  whole  radial 
motion  is,  therefore,  completed  for  a  certain  additional  transmitted 
horse-power.  The  necessary  addition  de[>ends  on  the  strength  of 
the  springs  and  the  leverage  of  the  link-motion.  Consequently,  a 
large  change  in  the  radius  of  the  circle  of  the  bright  bead  is  pro- 
duced by  a  small  change  in  the  transmitted  horse-power. 

The  next  figure  shows  Profs.  Ayrton  and  Perry's  dynamometer 
coupling,  which  differs  only  from  the  preceding  in  that  it  is- 
intended  to  be  used  with  machinery  driven  directly  by  shafbing^ 
where  belting  is  not  employed.  For  instance,  this  coupling  may 
be  used  to  measure  the  horse-power  given  by  a  fast-speed  engine- 
to  a  dynamo  or  other  machine  driven  directly  by  it,  or  it  may  be 
employed  to  measure  the  ponrer  given  by  a  marine  engine  to  the 
screw  or  to  the  paddles,  or  generally  the  horse- power  transmitted 
along  any  line  of  shafting ;  the  spring  coupling,  in  fact,  replacing: 
the  ordinary  coupling  used  with  such  shafts. 

One  of  the  halves  of  the  coupling  seen  in  the  figure  is  keyed  to- 
the  driving  shaft — for  example,  the  shaft  of  a  fast-speed  engine ;. 
and  the  other  to  the  driven  shaft — ^for  example,  that  of  the  dynamo. 
The  half,  C,  is  attached  to  the  other  half  by  means  of  the  spiral 
springs,  and  the  stretching  of  these  is  therefore  a  measure  of  the 
torque.  The  angular  motion  of  the  one  relatively  to  the  other 
causes  the  bright  bead,  B,  to  approach  the  centre,  and,  as  before, 
the  radius  of  the  circle  of  light  helps  one  to  measure  the  horse- 
power transmitted  at  any  particular  speed. 

The  transmission  dynamometer  and  dynamometer  coupling  just 

*  The  word  torque  was  first  sa^^gested  by  Prof.  James  Thomson  of  Glasgow 
University,  and  means  the  tummg  moment  or  the  turning  force  moltipUed 
by  its  distance  from  centre  of  shan. 
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<leacnbed  have  the  great  advantage  over  anj  aort  of  Uburatory 
^lyuamometers,  in  that  the  former  have 
not  to  be  pnt  iaUi  position  and  adjusted 
for  each  particular  experiment,  but  are 
always  ready,  and  are  always  indicat- 
ing the  power  traQamitted  at  any  given 
speed.  If,  for  example,  a  dynamo- 
meter coupling  be  inserted  in  the 
shafting  of  a  factory  in  place  of  the 
ordinary  coupling,  a  glance  at  it,  at 
any  time,  will  show  the  power  that  i 
is  being  transmitted  by  it  Tf  two  " 
such  dynamometer  couplings  be  in- 
serted at  two  places  in  the  same  Bet 
■of  shafting,  the  difference  between  the 
tranamitted  powers  indicated  by  them 
is  the  power  utilised  by  the  machineiy 
driven  by  that  portion  of  the  shafting 
that  is  between  them. 

HydraoUc  TransMsedOD  Dynamo-  - 
meters  —  Flather's  *  and  CroBS's.  — 
Owing  to  a  want  of  conGdeuce  in  resultii  obtained  by  aid  of 
ai>ring  dynamometers,  Prof.  Flather  and  Mr.  J.  A.  Cross 
(both  of  the  U.S.  America)  have  independently  perfected  two 
forms  of  hydraulic  transmission  dynamometers,  which  are  aaid  to 
be  reliable.  The  construction  and  action  of  these  inetrumeiita  are 
as  follows : — The  power  shaft  ii  keyed  to  a  boss  or  pulley  with 
two  or  more  arms  carrying  hydraulic  cylindera  The  projecting 
«nds  of  the  plungers  of  these  cylinders,  bear  upon  the  arms  of  a 
loose  pulley  on  the  same  shaft.  The  torque  imparted  by  the 
striving  belt  to  the  looite  pulley  is  thns  transmitted  to  the  shaft 
through  the  liquid  in  the  cylinders.  The  pressure  thus  caused  in 
the  liquid  is  conveyed  by  radial  pipes  to  a  common  central 
trunnion,  and  from  thence  to  a  pressure  gause  or  indicator. 

This  apparatus  has  many  advaotages— (1)  It  is  simple.  (2)  It 
is  not  affected  to  any  great  extent  by  the  velocity  of  the  shafUng. 
<3)  It  requires  no  counter  shaft,  and  no  change  of  driving  belt 
{4)  It  takes  the  place  of  an  ordinary  driving  pulley,  and  is  driven 
by  the  same  belt.  (A)  It  may  be  connected  to  a  recording  gauge, 
and  thus  a  continuous  diagram  of  the  load  may  be  obtained  witb- 

*  ProfcMor  Flather'i  arruigemeat  ia  described   id  hii  book  on  Dyna- 
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out  sDj  Bpecial  attention.  (6)  It  does  not  require  to  be  displaced 
after  a  test  ia  completed,  for,  by  the  simple  closing  of  a  cock  or 
valve,  tbe  recording  apparatus  may  be  disconnected  and  the  re- 
mainder left  as  an  ordinair  jiullej. 

Tension  Dynamometer  for  Snbmarine  Cables.— By  referring  to 
tbe  figure  of  a  telegrapb  eteamer  in  a  previous  article  of  tbi» 


TlHBIOH  DraUIOlfETBR  FOB  SDBUABINI  ClBLEB. 

Lecture,  the  student  will  understand  the  positions  and  use  of  tbe- 
dynamometer  on  board  a  cable  ship.  As  will  be  seen  from  the 
following  figure,  this  apparatus  cousists  of  a  vertical  cylinder,  0, 
filled  with  oil  or  soapy  water,  and  containing  a  piston  and  a  piston- 
rod,  B,  passing  through  a  gland  and  stuffing  box  at  M.  This 
piston-rod  is  coni^euted  to  a  crosshead,  K,  which  is  free  to  mova 
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up  and  down  between  the  upright  guides,  Vj  V^.  On  the  out- 
BtHuding  turned  pin.  A,  of  the  crosshead,  K,  there  is  carried  an 
uukeyed  grooved  pulley,  U,  under  which  the  cable  is  passed.  To 
the  top  of  the  crosshead  is  fixed  a  pointer,  T,  which  indicates  the 
height  to  which  the  pulley,  TJ,  may  be  elevated,  and  consequently 
the  stress  on  the  cable  or  grapnel  rope. 

In  order  to  prevent  sudden  jerks  and  oscillations  of  the  moving 
parts,  the  top  and  bottom  of  the  cylinder,  0,  are  connected  by 
a  pipe,  L,  with  a  cock  at  its  centre.  The  cylinder  piston  and 
liquid  thereby  act  as  a  "  pump-brake''  or  dash-pot^  with  greater  or 
less  freedom  according  to  the  opening  of  this  cock.  When  paying 
out  a  heavy  cable,  or  one  in  deep  water,  additional  weights  may  be 
attached  to  the  arm,  A,  in  order  to  render  the  dynamometer  less 
sensitive.  In  order  to  keep  the  pulley,  U,  always  clean  a  curved 
scraper,  S,  is  applied  to  the  groove  when  desirable.  The  vertical 
scale  may  be  marked  off  by  (^culation  according  to  the  following 
formula,  but  it  should  also  be  verified  by  an  actual  test,  since  this 
rule  does  not  take  friction  into  account. 

In  order  that  the  friction  between  the  dynamometer-crosshead, 
and  its  guides,  shall  be  a  minimum,  the  dynamometer  (D  in  the 
following  figure)  must  be  placed  midway  between  the  point.  A, 
where  the  cable  bears  on  the  paying-out  or  picking-up  drum,  and 
the  point,  B,  where  it  bears  on  the  guide-pulley  next  to  the  stern 
or  bow  sheaves,  and  these  bearing  points,  A  and  B,  should  be  in  a 
horizontal  line. 


w 


Stress  Diagram  for  a  Submarine  Cable  Dtnamometer. 

Let  S  =  Stress  on  cable  or  ro])e  (in  cwts.)  to  be  found. 
„  W  =  Weight  (in  cwts.)  of  all  moving  parts  in  dynamometer. 
,,      Z  =  Distance  A  0  or  C  B  (in  inches). 
„     d  =B  Deflection  of  cable  from  horizontal  (in  inches). 

Then  by  the  parallelogram  of  forces  : — 

S  =  W  ^L__  (ewts.) 

(inches). 


•  • 


V4  S«  -  W2 
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Sinoe  the  stresaes  and  deflections  of  the  cable  are  approximately 
in  inverse  ratio  to  one  another,  and  W  and  I  are  constant,  it  is 
only  necessary  to  work  out  one  example  for  d,  plot  it  off  on  the 
dynamometer  scale,  and  mark  the  others  in  the  inverse  mtio— «.^., 
for  doable  the  stress  half  the  deflectiou,  and  so  on.* 

If  the  points,  A  and  B,  are  not  in  a  horizontal  line,  and  the 
dynamometer,  D,  not  midway  between  them,  as  shown  in  the 
following  figure,  then  the  calculation  becomes  more  complicated. 


Spioial  Striss  Diagram  for  a  Subharinb  Cable  Dtnamometbr. 

Let  S  and  W  —  Same  as  before  (in  cwts.) 

p  B  Horizontal  pressure  on  guides  of  D  (in  cwts.) 

X  St  Horizontal  distance  A  C. 

/  =         „  „       C  B'. 

d^  B  Deflection  C  D  (in  inches). 
d^  =  Vertical  height  B  B'  (in  inches). 


)» 

19 
99 
99 
99 


W 

Then,  S  =  — 


^1  <^i  -  ^2 

^di  +  X2      V(^  -  d'if  +  P 


^""^^      ^ "  K;/(^^^)tT^  -  7A=xt) 

If,  however,  the  points,  A  and  B,  are  in  horizontal  lines — i,e,p 
di  =  d,  and  d^  =  O,  but  D  not  midway  between  them. 

W 

Then,         S  =  - 


d  d 


*  The  distance,  I,  between  the  guide  pulley  and  the  dynamometer  is  so 
great  compared  with  the  deflection,  d,  of  the  dynamometer,  that  the  above 
rule  is  practically  correct. 
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Lmturb  VUL—QuBsnoiTS. 

1.  State  the  variooB  ways  in  which  frictioD  ma^  be  applied  naefiilly. 
Sketch  and  describe  a  good  friction  clutch  or  coupling.  State  the  adyan- 
tages  and  disadvanta^jes  of  friction  clutches. 

2.  Sketch,  with  an  index  to  parts,  and  give  a  concise  description  of,  the 
following  pieces  of  mechanism  ~(1)  Addyman's  friction  coupling;  (2)  Bag- 
shaw*8  hollow  sleeve  clutch. 

3.  Sketch  and  describe  (1)  Weston's  friction  coupling  and  brake; 
(2)  Weston's  centrifugal  friction  pulley;  (3)  Robertson's  grooved  disc 
friction  couplinff. 

4.  Sketch  and  describe  a  friction  brake  as  applied  to  a  crane.  The  lever 
applied  to  the  strap  is  a  bent  lever,  of  which  one  arm  is  2  feet  11  inches 
long,  and  the  other  arm,  which  is  at  right  angles  to  it,  is  3}  inches  long, 
the  diameter  of  the  friction  drum  being  2  feet ;  find  the  tension  of  the 
movable  end  of  the  strap  when  a  pressure  of  100  lbs.  is  applied  to  the 
handle,  and  the  tension  at  the  fixed  end  for  a  given  coefficient  of  friction. 
Afi8.  933 '3  lbs.;  1,495  lbs.  or  582*6  lbs.  according  to  direction  of  rotation, 
takings  =  0*1,  and  ^  =  270".     (S.  &  A.  Hons.  Exam.,  1886.) 

5.  With  the  assistance  of  sketches  describe  the  construction  of  two 
kinds  of  brakes,  one  in  which  a  resisting  force  of  moderate  ma^itude  is 
overcome  through  a  considerable  distance,  and  the  other  in  which  a  con> 
siderable  resistance  is  overcome  through  a  comparatively  snukll  distance. 
<S.  k  A.  Hons.  Mach.  Const.  Exam.,  1895.) 

6.  Prove  by  a  skeleton  sketch  and  mathematical  investigation  the  proper 
direction  of  rotation  of  a  brake- wheel  (with  respect  to  its  strap  ana  lever 
connections)  in  the  case  of  a  winch  or  crane  when  the  load  is  being  lowered. 

7.  A  strap,  bearing  on  a  brake  wheel  2  feet  in  diameter,  and  tiffhtened 
by  a  lever,  is  used  to  hold  the  load  on  a  winch.  The  shaft  to  which  the 
brake  wheel  is  keyed  also  carries  a  pinion  of  10  teeth,  gearing  with  a  wheel 
of  54  teeth  on  a  second  shaft.  This  second  shaft  has  a  pinion  of  9  teeth 
gearing  with  another  wheel  of  50  teeth  on  the  drum  shaft.  The  diameter 
of  the  drum  is  12  inches,  the  lensth  of  the  handle  of  the  lever  is  'SO  inches, 
and  of  the  short  end  3  inches.  If  one  end  of  the  strap,  which  subtends  an 
angle  of  300*  at  the  centre  of  the  wheel,  be  fixed,  and  the  other  attached  to 
the  short  end  of  the  lever,  find  the  greatest  load  on  the  rope  wound  on  the 
drum  that  could  be  supported  by  a  force  of  45  lbs.  applied  at  the  end  of 
the  lever  handia     Take  m  =  O'l.     Am.  18,630  lbs. 

8.  If  a  weight  of  16,100  lbs.,  attached  to  the  rope  in  the  last  question,  is 
descending  with  a  velocity  of  300  feet  per  minute,  find  how  far  it  will  ao 
after  the  6rake  is  put  on  before  coming  to  rest.  The  kinetic  energy  of  the 
wheels  may  be  neglected.     Ana.  4t  inches. 

9.  Explain  the  use,  construction,  and  position  of  brake  wheels  in  tele- 
graph cable  steamers. 

10.  Sketch  and  explain  Lord  Kelvin's  deep-sea  sounding  machine,  includ- 
ing a  side  elevation  and  plan  of  his  differential  rope-brake  for  the  same. 

1 1.  Describe  a  method  of  obtaining  the  brake  horse-power  of  an  engine, 
and  state  the  advantages  to  buyer  and  seller  of  adopting  this  method  over 
that  of  nominal  or  indicated  horse-power.  An  entwine  is  making  150  revolu- 
tions per  minute,  the  diameter  of  the  brake  pulley  being  4  feet,  and  tha 
pull  on  the  brake  50  lbs.,  what  is  the  B.H.P.  ?    An$.  2*85. 

12.  Sketch,  and  describe  with  an  index  to  parts,  some  good  form  of 
absorption  friction  dynamometer.    The  pulley  on  the  crank  shaft  to  which 
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the  brake  is  fitted  is  3  feet  in  diameter,  and  makes  100  revolutions  per 
minnte.  When  the  engine  is  at  work,  a  Salter's  balance,  fixed  at  a  point 
21  inches  from  the  axis  of  the  shaft,  registers  200  lbs.     Find  the  brake 

horse-power  of  the  ensine.     Prove  the  formula  you  use.     Ans.  6*6  H.P. 

13.  Describe  the  ordinary  friction  dynamometer.  If  the  shaft  of  an  eneine 
beinff  tested  makes  20  revolutions  per  minute,  and  the  weight  supported  be 
200  Ids.,  the  point  at  which  it  is  supported  boin^  3  feet  from  the  axis  of 
the  dynamometer,  find  the  horse-power  of  the  encme.     Ans.  2-28  H.  P. 

14.  In  a  friction  brake  dynamometer  a  weight  of  93  lbs.  is  hung  at  a 
distance  of  31|  inches  from  the  centre  of  the  wheeL  The  brake  wheel  is 
driven  by  a  pulley  6  feet  in  diameter,  on  the  same  axis,  which  carries  a 
belt  from  the  flywheel  of  an  engine  and  makes  200  revolutions  per  minute. 
Explain  the  theory  of  the  apparatus  and  find  the  horse-power  exerted  by 
the  engine.     Ans.  9'S  H.P. 

15.  State  and  prove  wherein  you  consider  "Appold's  Ck>mpensating 
Lever  Brake  Dynamometer"  defective.  What  precautions  or  alterations 
in  this  apparatus  should  be  given  effect  to,  in  order  to  obtain  accurate  results 
with  it? 

16.  Sketch  and  describe  the  rope-brake  dynamometer,  and  state  its 
advantages  over  other  forms  of  absorption  dynamometers  for  ascertaining 
the  B.H.P.  of  an  engine.  What  benefits  are  claimed  in  certain  cases  for 
the  use  of  two  spring  balances  instead  of  a  weight  and  a  spring  balance 
with  this  apparatus?  A  flywheel  is  10  feet  diameter  and  rotates  at  100 
revolutions  per  minute,  whilst  the  mean  dead  load  is  1,000  lbs.,  and  the 
back  pull  100  lbs.  Find  the  B.H.P.  Supposing  that  the  mechanical 
efficiency  of  the  engine  is  80  per  cent.,  what  would  be  the  corresponding 
LH  P.?    Ans.  86-7  B.H.P.;  107  I.H.P. 

17.  £!xplain  the  epicyclic  train  form  of  transmission  dynamometer,  and 
prove  the  formula  for  the  same. 

18.  Explain  by  a  sketch  and  index  to  parts,  a  transmission  power  dynamo- 
meter  by  which  the  difference  in  the  tensions  of  the  two  sides  of  the  driving 
belt  is  measured.  Explain  the  advantages  of  this  instrument  over  the 
absorption  dynamometer. 

19.  Explain  and  illustrate  a  form  of  spring  transmission  dynamometer 
and  coupling. 

20.  Kxplun  and  illustrate  a  form  of  hydraulic  transmission  dynamometer. 

21.  Explain  and  illustrate  a  tension  dynamometer  as  used  in  the  paying 
out  or  picking  up  of  submarine  cables,  and  indicate  by  sketches  where  this 
apparatus  is  placed  on  board  a  submarine  cable  steamer.  What  are  the 
most  advantageous  conditions  for  the  employment  of  such  a  dynamometer? 
P^ve  the  formula  for  graduating  the  scale. 

22.  Distinguish  between  an  aMorption  and  a  transmission  dynamometer. 
Describe  the  action  and  sketch  the  construction  of  an  *'  epicyclic  train  form 
of  dynamometer,"  and  obtain  an  expression  for  calculatmg  with  the  aid  of 
such  an  apparatus  the  horse-power  being  transmitted  by  a  shaft.  The 
power  of  a  portable  engine  is  tested  by  passing  a  strap  over  the  flywheel, 
which  is  54  inches  in  diameter ;  one  end  of  the  strap  is  fixed,  while  a  weight 
is  suspended  from  tlie  other  end.  With  such  an  arrangement  what  would 
be  the  horse-power  transmitted  by  the  engine  when  running  at  160  revolu- 
tions per  minute,  if  the  suspended  weight  is  300  lbs.  and  the  tension  on 
the  fixed  end  is  found  by  a  spring  balance  to  be  195  lbs.  ?  (S.  &  A.  Hons. 
Exam.,  1896.) 

23.  You  are  asked  to  test  the  efficiencv  of  a  water  motor  or  an  electro- 
motor (make  a  choice).  Describe  with  sketches  how  you  would  proceed. 
(S.  &  A.  Adv.  Exam.,  1897.) 
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Gknsral  Cass  of  the  Inolinsd  Plans. 


LEOTXJRE  IX 

€k>NTBNT8.  —  Inclined  Plane  —  Examplea  I.,  II.,  and  in. —The  Double 
laclined  Plane— Examples  IV.  and  V. — Screws— Efficiency  of  Screws- 
Maximum  Efficiency  of  Screws— Non-Reversibility  of  Ordinarv  Screws 
and  Nuts  —  Tension  in  Bolts  due  to  Screwing  up  —  Example  VL — 
Questions. 

Inclined  Plane. — We  now  proceed  to  determine  the  relation 
between  Q  and  W  in  the 
inclined  plane  when 
friction  is  taken  into 
account.  The  most  general 
case  occurs,  when  the 
direction  of  Q  makes  a 
given  angle  ^,  with  the 
inclined  plane  A  B. 
We  shall,  therefore,  con- 
sider this  case  first,  since 
all  other  particular  cases 
caji  be  easily  deduced  therefrom. 

Let  H  B  Reaction  perpendicular  to  the  plane. 
fL  =  Coefficient  of  friction. 
F  =  Ab  R  =  Friction  between  body  and  plane. 

By  the  "  Frineipls  of  Work,"  we  get  :— 

Work  done  by  Q  =  Work  done  on  W  +  Work  done  against  F. 

Suppose  the  body  to  be  dragged  along  the  plane  a  distance 
AB  =  ;. 
Then  :— 

Work  done  by  Q         =  Q  cos  tf  x  A  B  «  Q  Z  cos  tf. 
Work  done  onW        =WxBO  =  WA. 

Work  done  against  F=FxAB  ^a^RZ. 

Q  Z  cos  tf  =  W  A  +  At  R  Z. 

We  must  now  eliminate  R.  The  simplest  way  to  effect 
this,  is  to  consider  the  equilibrium  of  the  forces  acting  on  the 
body  when  Q  is  just  about  to  draw  the  body  up  the  plane. 

Resolving  the  forces  at  right  angles  to  A  B,  we  get : — 

R  +  Q  sin  tf  =  W  cos  a. 

R  =s  W  cos  a  -  Q  sin  tf. 
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By  substitiitiiig  this  valae  of  R  ia  the  above  eqiuttion,  we  get : — 

Q I  cos  &  =  W h  -k-  fiiW I  008  a  -  fiQlain^^ 
Q I  (cos  &  ■\-  fik  sin  6)  =^  W  (h  +  /a,  I  cos  a). 
Or  Q  _       A  +  Alices  a 

W""J(co8tf +  ^sin^)     •    •    •    •    V'; 
This  equation  can  be  put  into  a  more  convenient  form,  thus : — 

h 
Q  J  +  fAOOS  a 

^  ~  cos  0  +  fi  sin  0' 

"Bnij      J  =  sin  a;  and  fi  =  tan  f  = ;   where   ^  =  angle- 

of  friction. 

Q  _  sin  a  cos  f  +  sin  ^  cos  a 
W  ~  cos  d  cos  ^  +  sin  d  sin  f 

f.^,  9.^E(^       (Il> 

'  W      COS  (^  -  ^)  ^    ^ 

From  this  general  equation  the  results  for  any  particular 
case  can  be  deduced. 

Case  I. — Suppose  the  plane  to  be  smooth.  Then  ^  =  0  and 
Q  »  P,  the  theoretical  force  required. 

P       sin  a 

W  "  SSI ("•> 


Case  IL — Suppose  Q  acts  parallel  to  JlB,  then  tf  =-  0. 

Q       8in(a  +  p) 


W  cos  f 

y,    »  sin  a  +  fi  cos  a^ 

h  -^  ffb 


(11*) 


"     ~l 


(11.) 


>* 


QJ-i  WA  +  ;*.W6      ...    .(II<f)* 

Or  stated  in  words  : — 

The  work  done  in  raising  a  body  up  a  rough  inclined  plane  is 
equal  to  the  toork  done  in  li/iing  it  vertically  through  the  height 
o/  the  plancj  together  with  the  work  done  in  dragging  it  along 
the  base  supposed  to  be  of  the  same  roughness  as  the  jj^ne  itself. 

*  Theee  are  two  important  reralts  which  we  shall  frequently  refer  to  in> 
what  fbllowi. 
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In  this  case,  when  Q  is  paraUd  <o  A  B,  we  get : — 

Actual  Advantage  -  ^  -  g^?^     ....    (Ill) 

Or,  from  (He), 

Actual  Advantage  -  ,    ^   , (IV) 

««  •                         W  A      W    .           sin  a  COB  o    ,^^, 
Efllciency  ....    -    ..^-=-  =  -^  am  a  =  -^—, J-    (V) 

Or,  from  (IIc)i 

Efficiency  .  .  .  .    =  trr^iri  -  u  '^  l     •    •    •     (^0 

Case  III. — Suppose  Q  oofo parallel  to  AG,     Then  ^  =  ~  & 

Q  8in(a  +  ®)       ^         x-       /ttxt 

W  -  C03  {  -  («  .  p)}  t**!"***"''  <")!• 

i-e.,  |r-tan(a  +  p) (II.).« 

An  application  of  this  case  will  be  met  with  when  we  come  to 
treat  of  screws. 

We  shall  now  prove  the  following : — 

Proposition.— For  a  given  inclination,  a,  of  the  plane  and  angle 
•of  friction,  ^,  the  effort  Q  will  have  its  least  value  when  ^  =  ^; 
i.e.y  when  the  direction  of  Q  makes  an  angle  with  the  inclined 
plane  equal  to  the  angle  of  Mctioa 

Now,  Q  will  be  a  minimum  when  the  fraction  ^-j v 

'  cos  (^  -  f ) 

as  a  minimum.     But  in  this  fraction  the  numerator,  sin  (a  -f  p), 
tB  a  constant  quantity,  since  a  and  9  are  supposed  to  be  given. 

1 


•    • 

Q  will  be  a  minimum  when -n r  is  a  minimum^ 

cos  {&  -  f) 

i,e,, 

Q         „               „             „      cos  (^  -  9)     „   maanmum. 

*  The  stadent  should  be  able  to  prove  the  results  ffiven  in  the  above 
three  cases  independently  of  the  general  case  considered  in  the  text.  (See 
the  author's  MemerUary  Manual  of  Applied  Mechanics,) 


INCLINED  PLANE. 


175 


Now,  the  maximum  value  of  a  cosine  is  unity,  and  this  only 
occurs  when  the  angle  is  zero. 

Hence,       Q  will  be  a  minimum  when  (^  —  f)  =  O. 

♦•«i  Q         „  jy  If  ^   =  f- 

This  proves  the  proposition. 

In  what  has  preceded  we  have  supposed  the  effort  Q  just  able 
to  move  the  body  up  the  plane.     We  shall  now  consider  the 


Body  just  Slidino  Down  thb  Inclined  Plank. 

cases  where  Q  just  prevents  the  body  from  sliding  down  the 
plane;  or,  when  Q  is  employed  to  draw  the  body  downwards. 

Case  lY. —  When  Q  is  parallel  to  AB  and  prevents  the  body 
from  sliding  doum  the  plane. 

In  this  case,  by  resolving  along  the  plane,  we  get : — 

Q  +  F  =  W  sin  a. 

Q  =  W  sin  a-^fit'R, 
Keaolving  the  forces  at  right  angles  to  the  plane,  we  get : — 

R  =  W  cos  a. 

Q  =  W  sin  a  - /tA  W  cos  a. 
Or,  Q  «=  W  (sina-A^COSa)      ....      (VII) 

U„  Q  =  W  ^^ (VIII) 

From  equation  (VII)  it  will  be  evident  that  the  body  will 
have  no  tendency  to  slide  down  of  its  own  accord  if : — 


i,e. — if, 
i.e. — i^ 


sin  a  -^  fL  cos  a. 
tan  a  -^  fi, 

a  ^  f  (the  angle  of  friction 
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When  a  is  just  slightly  greater  than  f  the  body  would  begin 
to  slide  down  of  its  own  accord,  if  not  prevented  by  the  force,  Q. 
This  affords  a  means  of  determining  the  coefficient  of  friction 
between  two  bodies,  as  explained  in  Lecture  Y. 

If  a  is  less  than  9,  then  an  effort,  Q,  must  be  applied  to  the 
body  to  drag  it  down  the  plane.     Then,  we  get : — 


Or, 


FoBCE  Requibkd  to  Pull  the  Body  Down  the  Plank. 

Q  +  Wsina=F-AtR  =  A*Woo8a, 
Q  a  W  (/Cb  COB  (X  -  sin  a) 


(IX> 


Example  I. — A  horizontal  force  of  50  lbs.  is  just  required  to 
move  a  weight  of  W  lbs.  on  a  rough  horizontal  plane.  Tf  the 
plane  be  now  inclined  at  an  angle  of  30°,  a  force  of  6*7  lbs.  acting 
parallel  to  the  plane  is  required  to  keep  the  weight  from  sliding 
down.  Determine  the  weight,  W,  and  the  coefficient  of  friction 
between  the  weight  and  the  plane. 

Bi 


F,*/tt>y  r:=»— »^q;"«>/&c 


w 

To  Dbtebmiks  the  Coefficient  of  Friction. 
Answer. — On  the  horizontal  plane,  we  have  : — 

50 


^  ^  W 


(1) 
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Since  the  body  is  just  kept  from  sliding  down  the  inclined 
plane,  both  Q^  and  Fj  will  act  up  the  plane.    Then: — 

Q2  +  A*  R2  =  W  sin  30*, 

Q2  =  W  (sin  30*  -  A*  cos  30'), 

Substituting  the  value  of  fi  given  in  equation  (1),  we  get : — 

^ '     2  V         w    ;• 

13-4  =  W  -  50  s/3. 
W  =  134  +  50  X  1-732  «  100  lbs. 

From  equation  (1),  we  get : — 

50 

^  =  roo  =  '^' 

Example  II. — Suppose  a  locomotive  weighs  30  tons,  and  that 
the  share  of  this  weight  borne  by  the  driving  wheels  is  10  tons. 
Then,  if  the  coefficient  of  friction  between  the  wheels  and  the 
rails  be  '2,  what  load  will  the  engine  draw  on  the  level  if  the 
required  coefficient  of  traction  be  10  lbs.  per  ton  of  train  loadf 
What  load  will  this  engine  draw  at  the  same  rate  up  an  incline 
of  1  in  201 

Answeb. — (1)  On  the  level  line. 

Let  the  circle  represent  one  of  the  driving  wheels  of  the 
locomotive,  and  let  the  wheel  turn  in  the  direction  shown  by 


R-#- 
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the  arrow.     Since  there  are  two  driving  wheels  the  weight,  tOy 
on  each  will  be  5  tons. 

Let  F  =  Friction  between  each  wheel  and  its  rail. 
„    /cfr  =  Coefficient  of  friction  between  wheel  and  rail  s  •2. 

Then,        F  =  ft,w  ^  '2  x  {b  x  2,240)  »  2,240  lbs., 

and  acts  in  the  direction  A  F. 

12 
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At  C,  the  centre  of  the  wheel,  introduce  two  opposite  forces, 
F,  F,  each  equal  and  parallel  to  the  force  F  at  A.  This  will 
not  afifect  the  equilibrium  of  the  system.  After  this  has  been 
done,  it  will  be  evident  that  the  forces  standing  thus : — 
form  a  couple^  the  moment  of  which  is  F  x  A  C. 
This  is  the  couple  resisting  the  rotation  of  the 
wheel  about  its  centre,  C,  and,  therefore,  must  be 
equal  in  moment  but  opposite  in  sign,  to  the  couple 
due  to  the  force  on  the  crank-pin  as  caused  by  the 
steam  pressure  on  the  piston.  In  the  meantime,  we  are  con- 
cerned only  with  the  remaining  force,  F,  acting  to  the  right  at 
C.  This  force  tends  to  pull  the  centre  0,  and,  therefore,  the 
whole  train  to  the  right.  If  R  be  the  resistance  offered  by  the 
train,  then,  si  ace  there  are  two  driving  wheels  : — 

R  =  2  F  =  2  X  2,240  =  4,480  lbs. 

Let  Wj  =  Total  weight  of  engine  and  train  in  tons. 
Then,  since  the  traction  is  10  lbs.  per  ton,  we  get : — 

R  =  10  Wj, 
10  Wi  -  4,480, 
t.e.,  Wj  »  448  tons. 

The  engine  will,  therefore,  be  able  to  draw  a  load  of  (448  -  30), 
or  418  tons  without  fear  of  the  driving  wheels  slipping  on  the  rails. 

(2)  On  the  gradient. 

Since  the  inclination  of  the  rails  is  small  (1  in  20),  we  may 
assume  the  pressure  or  reaction  between  the  wheel  and  rail  to 
be  still  a  w  tons. 


Question  on  Traction  and  Frtotion. 

Hence,  F  will  be  the  same  as  before,  viz.,  2,240  lbs. 
By  reasoning  as  in  the  previous  case,  we  get : — 

R  =  2  F  =  4,480  lbs. 

Let,  Wj  «=  Total  weight  in  tons  of  engine  and  train  on  incline. 
Now,  suppose  the  train  to  move  from  A  to  B,  a  distance  of 
20  feet.     Then,  by  the  Principle  of  Work,  we  get: — 
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Total  work  done  on  in-     _ 

A  to  B. 


dine  from  Ato'B 


}- 


'  Work  done  against  traction  from 

A  to  B. 
+  Work  done  against  gravity  from 


But^        Total  work  done  =  R  x  20  =  4,480  x  20  (ft-lbs.) 

Work  done  aga/inst  traction  =  (10  x  Wj)  x  20  =  200  Wg  ft..lb8. 

„  ^,         gravUy    =  (Wg  x  2,240)  x  1  =  2,240  Wj  „ 

4,480  X  20  =  200  Wj  +  2,240  Wg, 

-„        4,480  X  20      o^ -„  . 
t.e.,  Wo  =    '  o  AAf^ —  ==  36-?2  tons. 

^  2,440 

Thus,  the  engine  will  only  be  able  to  draw  a  load  of 
<36-72— 30),  or  672  tons  up  an  incline  of  1  in  20.  Any  load 
beyond  this  would  cause  a  greater  resistance  than  is  provided 
for  by  the  friction  between  the  driving  wheels  and  the  rails. 

Example  III. — What  must  be  the  effective  horse-power  of  a 
locomotive  engine  which  moves  at  a  steady  speed  of  40  miles 
sxL  hour  on  a  level  line,  the  resistance  being  estimated  at  20  lbs. 
per  ton,  and  the  weight  of  the  engine  and  train  being  200  tons  1 
If  the  engine  continue  to  exert  the  same  power  when  ascending 
41  gradient  of  1  in  100,  what  would  be  the  speed  1 

Answer. — (1)  On  the  level  line. 

Total  resistance  overcome  =  200  x  20  =  4,000  lbs. 
Speed  of  train  =  40  miles  per  hour. 

40  X  5,280 


»  i» 


60 


=  3,520  fb.  per  minute. 


.*.  Work  done  per  minuU  =  4,000  x  3,520  (fL-lbs.) 

HP  =  1i?22jlM20  ^  42e-6 

ii.r.  33,000 

{2)  On  ike  gradient, 

{Work  done  against  friction  per 
mintUe. 
+  Work  done  against  gravity  per 
minute. 

Let  V  =  Speed  of  train  on  gradient  in  feet  per  minute. 
As  before,  Total  work  done  =  4,000  x  3,520  (ft.-lbs.  per  minute). 
Work  done  against  friction  =  (200  x  20)  v  „  „ 

Work  done  against  gravity  —  (200  x  2,240)  x  yj-g  „      „ 
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4,000  X  3,^20  =  200  X  20  X  t?  +  200  x  2,240  x 


loa 


99 
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«  40  X  212  x  V. 


Or, 


4,000  X  3,520  naan<i^^^ 
4U  X  212  ^ 


v  = 


60 1? 


=  18*87  miles  per  hour. 


Double  Inclined  Plane. 


5,280 

The  Double  Inclined  Plane. — Sometimes  the  double  inclined 
plane  is  used,  when  a  descending  load  is  employed  to  draw  up 
another  load  by  means  of  a  rope  passing  over  a  fixed  drum  or 
pulley  at  the  summit  of  the  incline.  To  understand  the  prin- 
ciple of  this  arrangement 
we  shall  suppose  two  in- 
clined planes  placed  back 
to  back,  as  shown  in  the 
accompanying  figure. 

Let  W,  be  the  ascend- 
ing and  Wj  the  descend- 
ing load. 

The  usual  letters  which  we  have  hitherto  employed  with 
the  suffixes  1  and  2  refer  respectively  to  the  inclined  planes 
A  B  C  and  D  B  0. 

When  Wj  is  just  sufficient  to  overcome  Wj,  and  neglecting  the 
friction  due  to  the  pulley  at  B,  we  get  for  the  plane  ABC: — 

Q  =  Wj  (sin  ttj  +  /ttj  cos  a^),  [from  equation  (lift)] 
And,  for  the  plane  D  B  0, 

Q  =  Wj  (sin  Og  -  /CAjj  cos  a,^),  [from  equation  (VII)] 
Wj  (sin  ttj  +  /tj  008  Oi)  =  Wg  (sin  a^  -  yu^  cos  Oj). 

Or,  W,^8ina,-^,coB«,    _    .    (X) 

'  W,     sm  04  +  A4  COS  (x^  ^    ^ 

Putting  X-  »  sin  Oj ;  -=^  =  008  04  ;  and  so  on,  the  last  equation 
may  be  written  thus : — 


Wi  ^  Ij  (h  -fi^b^ 


W. 


(Xa) 


If /14  =  M-,  =  AS  we  get :— 


^.- k(i^)  ■  ■  ■  ■ '^'> 
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In  practice,  we  seldom  find  two  planes  arranged  as  shown 
Above.  One  plane  only  is  used,  and  the  trucks  run  on  parallel 
lines  of  rails,  being  connected  by  a  rope  or  chain  which  passes 
round  a  pulley  or  drum  at  the  top  of  the  plane.  In  this  case, 
a^  »  a^  =  *;  ^1  =  ^2  ~  ^>  ftj  =  62  =  6j  and  the  above  equa- 
tions take  the  simple  forms : — 

W|  ^  sin  a  -  /A  COS  a  /^r^\ 

^  ""  sin  a  +  //,  cos  a     *     '     '     ^"    ^ 

Or,  dividing  by  cos  a,        ^^  =  ^^^ (XIa) 


Or, 


This  determines  the  relation  between  W^  and  W^,  wlien  Wj  is 
jvst  able  to  draw  up  "Wj.  If  Wg  be  greater  than  that  obtained 
from  equation  (XI),  the  motion  will  be  accelerated.  To  obtain 
a  uniform  motion  for  given  loads,  Wj,  W^,  we  must  either  adjust 
the  inclination  of  the  plane,  or  provide  the  drum  with  a  fric- 
tion brake  when  W^  ia  greater  than  necessary,  or  with  the 
^assistance  of  an  engine  when  W^  is  less  than  required. 

(1)  To  determine  the  requisite  incliruition  of  the  plane  when 
Wj  «  required  to  draw  up  Wj. 

From  equation  (XIa),  ^^  get : — 

Wj  tan  a  +  /t^  W^  =  Wj^  tan  a  -  /ot  Wj , 
M  (Wj  +  Wi)  =  (W^  -  Wi)  tan  a, 

117        I     llf 

tanft  ==  A^^y^  _  ^^ 

(2)  To  determine  the  friction  couple^  which  must  he  applied  to 
the  puUey  or  drum  at  the  top  of  a  double  inclined  plane^  in  order 
io  obtain  a  uniform  motion  when  Wj  is  too  great. 

This  problem  is  very  similar  to  the  case  of  a  driving  belt 
transmitting  motion  in  machinery.  The  tension  in  the  two 
parts  of  the  rope  or  chain  is  not  now  the  same  throughout  its 
length,  being  greater  on  the  side  of  the  descending  load  W^. 

Let  Qj,  Q2,  denote  the  tension  in  the  two  parts  of  the  rope 
-or  chain  on  the  driven  and  driving  sides  respectively. 

Then,  Qs>Qi. 
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The  following  figure  represents  a  side  elevation  and  plan  of  the 
double  inclined  plane  with  its  pulley  and  loads,  Wj,  Wg. 

Let  M  =  Friction  couple  required  to  be  applied  to  the  brake 
wheel,  B  W,  by  the  brake  handle,  B  H. 
„     r  =  Radius  of  drums. 

Taking  moments  about  the  centre  of  this  wheel,  we  get : — 

M  +  Qir  =  Q^r, 

M  =  (Q,  -  Q,)  r, (1> 

Qg  =  Wj  (sin  a  -  fL  cos  a), 

Qi  =  Wj  (sin  a  i-  /J,  cos  a), 

M  =  |(W2-Wi)silia-AA(Wj  +  Wi)C0Ba|r  (XII> 
M  =  ^  {a(W2-Wi)-^6(W2+W,)J  .  (XIIa> 


But, 

And, 


Or, 


Praotioal  Example  of  the  Double  Inclined  Plane. 

(3)  If  Wj  is  not  sufficient  to  overcome  W^,  t/ien  a  moment^  M, 
must  be  applied  to  the  pulley  or  drum,  D,  to  assist  it. 

In  this  case,  by  taking  moments  about  the  centre  of  the 
pulley  as  before,  we  get : — 

M  +  Qgr^Q^r, 

M  =  (Qi  -  Qg)  r, 

Hence,      M  =  |  (W^  -  Wg)  Biaa  +  fi(W^  +  Wg)  cos  a  |  r  (XIII) 
Or,  M=  ^|a(Wi-W2)  +  ^6(Wi  +  W3)1.   .   (Xllla) 
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Example  IV. — In  a  double  inclined  plane  having  a  rise  of 
1  in  20,  the  loaded  and  empty  trucks  run  on  parallel  rails  and 
are  connected  by  a  rope  which  passes  over  a  pulley,  6  feet  in 
diameter,  at  the  top  of  the  plane.  Find  the  great^t  number 
of  empty  trucks  which  a  descending  loaded  one  is  capable  of 
drawing  up ;  haying  given  weight  of  each  empty  truck,  5  cwts., 
weight  of  material  in  loaded  truck,  20  cwts.,  the  coefficient  of 
traction  on  the  level  being  taken  at  20  lbs.  per  ton.  ^gain,  if 
5  loaded  trucks  going  down  pull  up  an  equal  number  of  empty 
ones,  what  must  be  the  mean  frictional  resistance  on  the  cir- 
cumference of  a  brake  wheel,  3  feet  in  diameter,  fitted  on  the 
pulley  at  the  top  of  the  incline,  so  that  the  whole  may  be  kept 
moving  uniformly? 

Answer.  —Let  w  —  Weight  of  empty  truck  =  5  cwts. 

„  W  =  Weight  of  material  in  loaded  truck  =  20  cwts. 

Since  the  coefficient  of  traction  on  the  level  is  20  lbs.  per  ton, 

20  1 


fl  = 


2,240         112  • 


Again,  since   the   inclination  of  the  plane  is   small,  we  may 
assume: — 

That,  cos  a  =  1  and  sin  a  »   ^  . 

Now,  let  there  be  n  empty  trucks  drawn  up  by  a  descending 
loaded  one. 

Then,  according  to  the  previous  notation : — 

Wj  =s  n  w  =  5  n  cwts. 


Wg  =  W  +  w  =  26  cwts. 

W.        sin  a  -  /x  cos  a  r                   /vt\t 

xf7*  =    . 1  equation  (XI)1 

Wj       sin  a  +  /A  cos  a  *-  ^              v      /j 

• 

1           1         , 
5n       20       112  ""^ 

•  • 

25  "    1          1            ' 
20  ^  112  ""  ^ 

• 
•  • 

n      23 
6  °  33' 

• 
•  • 

n.^'^SfWly. 
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Or,  the  greatest  number  of  empty  trucks  that  can  be  drawn 
up  by  1  descending  loaded  truck  is  3. 

Next,  with  5  loaded  trucks  going  down  and  5  empty  ones 
coming  up,  we  have : — 

W^  =  5  w  =  25  cwts.;  Wg  =  5  (W  +  «;)  =  125  cwts. 

and  R  =  Radius  of  drum  =-  3  ft. 

The  friction  moment  to  be  applied  to  the  brake  wheel  at  the 
top  of  the  plane  is  by  equation  (XII)  : — 

M  =  I  (W,  -  Wj)  sin  a  -  /Li  (Wg  +  W^)  cos  a  |  R. 
Substituting  the  above  values,  we  get : — 

M  =  I  (126  -  25)  X  1  -  y|^  X  (125  +  25)  x  1  I  3  (ft.-cwts.) 
410  X  3  .,    _^ 

„  —     — .       tt.-CWt8. 

t.e.,  M«=   1,230  fL-lbB. 

Let  F  =  Mean  frictional  resistance  applied  at  circumference 
of  brake  wheel 
„    r.  =  Radius  of  brake  wheel  =  1^  feet. 

Then,  Friction  couple  =  F  x  r    =  M. 

F  X  IJ  «  410  X  3. 

F  =  i-l^ -^  J  ^  820  lbs. 

Example  V. — In  the  latter  part  of  Example  IV.,  suppose  the 
operations  to  be  reversed,  so  that  the  five  loaded  trucks  are  tio 
be  hauled  up  the  plane  by  means  of  an  engine  situated  at  the  top 
of  the  plane,  the  engine  being  assisted  by  the  descending  five 
empty  trucks.  Find  the  tensions  in  the  two  parts  of  the  hauling 
rope,  and  the  H.P.  of  the  engine ;  given  the  length  of  inclined 
plane,  1  mile  and  the  time  taken  to  complete  the  run,  five 
minutes. 

Answer. — From  last  example  we  get  the  following  data : — 

Wj  =  Weight  of  five  empty  trycks  =   25  cwts., 
Wj  =        „  „      loaded       „      =  1 25     „ 

fA  =  YY^f  siu  a  =  oTv,  cos  a  =  1,  approximately. 

Let  Qi  =  Tension  in  that  part  of  rope  attached  to  W^, 
„    Qg  =  Tension  „  „  „  Wj. 


Then,  sinoe  Wj  ia  let  down  the  plane,  we  get : — 

Qj  =  Wj  (sin  m-  /tcoaa),  [equation  (VII)] 
Qi-  25(31  -jL.i)c«te.- 115  lbs. 

Also,  arnce  Wj  is  pnlled  up  the  plane,  we  get : — 

Qj  =  W,  (sin  «  +  ^  COS  a),  [equatioi 


Q,  -  125  (i 


1 


■»  ("»)1 


,20       112 


Let  I  •=  Length  of  incline  =  5,280  feet. 
„    (  =  Time  taken  to  traverse  it  -  5  mtnutea. 
Then,  Work  don«\      rWork  done  per  minute  by  rope  in  pntling 
bjf    engine{  =  ^      up  lull  trucks  minue  work  done  per 
per  minute)      l     minute  on  rope  by  descending  trucks. 


«.-)«Qi -;(«!-«.)■ 


.  H.P.  of  en^ue 


((Qa      Qi)      6  280  > 


}3,000 

Screws. — The  Tarious  forms  of  w 
characteristics,  and  manu- 
facture, have  been  fully 
described  and  illustrated  in 
oar  Elementary  Mamial  0/ 
Applied  Mechanict,  and, 
the»efore,  need  not  be  further 
considered  here.  In  what 
follows  we  shall  content 
ourselves  by  determining 
the  Advantage  Aadll^ciency 
of  the  ordinarj  screw  ar- 
rangement. Take  the  case 
of  the  square  threaded  screw 
working  in  its  nnt,  and 
suppose  the  pressure,  due 
to  the  load,  W,  10  be  iini- 
fornily  distributed  along  the 
bearing  surface  of  thetbreed. 
Since  the  pitch  angle,  a,  is 
everywhere  the  same,  it  will  1 
be  sufficient  to  take  a  ^i^gle 
point  on  the  screw  thread, 


5  X  33,000 
w  threads,  their  development, 
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and  consider  the  whole  load,  W,  concentrated  at  this  point.  We 
have  then  the  case  of  an  inclined  plane,  A  B  C,  as  shown  by 
the  accompanying  figure,  which  represents  an  ideal  helix  or  screw 
line,  traced  on  a  cylinder,  and  a  development  of  one  complete 
turn  of  this  line. 

Let  p  =  Pitch  of  screw  thread, 
,     d  »■  Mean  diameter  of  cylinder  of  bolt, 
,    Q  =  Turning  effort  applied  to  lever  or  spanner, 
,    L  =»  Leverage  of  Q  measured  from  the  axis  of  the  bolt, 
,     /L  B  Coefficient  of  friction  between  nut  and  screw. 
,  H  =  Force  acting  along  A  0  due  to  the  effort,  Q. 

Then,  by  the  "  Principle  of  Moments,"  we  get : — 

Q  X  L  =  H  X   2 

Or,  Q  =  H  X  A. 

And  from  equation  (!!«)  in  this  Lecture: — 

H  =  Wtan(a  +  (p), 

Q  =  W  s-r  tan  (a  +  p). 
Or,  ^  =  g^tan(«  +  ?) (XIV) 


Q  d   f  tan  a  +  tan  ^ 

W  2L 


/  tan  a  +  tan  ^  \ 
\1  -  tao  a  tan  f/ 

But,  from  the  figure, 

BO        V 
tan  a  =  -r-^  =  -— „  and  tan  Q>  =  /*. 
A(J       AT  a 

Q      _       rf       (P     +    fl^Cl\  ,jr.y. 

WiLKwd  -  fip) ^    ^ 

Hence, 

ActualAdvantage=^-^(.J^^-^).    .    .    .(XVI) 

Efficiency  of  Screw. — Suppose  the  weight  to  be  raised  through 
a  distance  equal  to  the  pitch,  p.  Then  Q  will  have  moved  through 
a  distance  equal  to  2  ^  L.     Hence  : — 
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I 

i 

~    d 


(        1  ^      p    \ 

\tan  (a  +  ^)  ^  2  ^  L/ 


1 

n  ^™ 


tan  (a  +  9)  cr  rf ' 

"•'       =ffl«»«»«y  =  55^77) (^^"> 

Maxlmnm  Efficiency  of  Screw. — We  can  now  find  what  value  of 

a  will  give  the  greatest  efficiency.     Clearly  the  efficiency  will  be  a- 

,             tan  a 
maximtmi  when  : ; r  is  a  mcunmum. 

tan  (a  +  f ) 


But, 


tan  a  sin  a  cos  (a  +  p) 


tan  (a  +  p)       cos  a  sin  (a  +  ^) ' 

sin  (2  a  +  f )  -  sin  ^ 
**  sin  (2  a  +  9)  +  sin  9* 

2  sin  ^ 


}» 


=   1    -   -r 


sin  (2  a  4-  p)  +  sin  ^* 

From  this  it  is  clear  that  the  efficiency  will  be  a  maaeifnum 

2  sin  p 

when  -: — Tjr ^ : IS  a  minimum. 

sm  (2  a  +  ^)  +  sm  9 

i.e.,  when  -: — r^r r : —  is  a  minim^um, 

sin  (2  a  +  9)  +  sin  9 

i.e.,  when  sin  (2  a  +  9)  is  a  mcucimum. 

But  the  greatest  value  for  the  sine  of  an  angle  is  unity,  and  this- 
occurs  when  the  angle  is  90"*. 

The  efficiency  toill,  therefore,  he  a  maximum  when : — 

2  a  +  ^  =  90". 
Or,  a=  45'  -  |. 

Substituting  this  value  for  a  in  the  expression  for  the  efficiency,  w» 
get:— 
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ten  (45-  -  I) 
Maximum  Efficiency  »  — 


tan 


(«•  *  I) 


1  -  tan  I       1  +  tan  ^ 


f» 


»  n 


1  +  tan  I       1  -  tan  I 
/I  -  tan  ^  ^\2 


But  ^  is  always  a  small  angle,  and  we  may,  therefore,  sub- 
stitute \  fit  for  tan  ^  ^,  so  that : — 

Maximum  Efficiency  =  ( .      \)  (approximately). 

From  this  we  see  that  for  the  maximum  efficieney  in  the  case  of 
a  screw  the  best  pitch  angle  is  45°  nearly. 

Taking  the  coefficient  of  friction  =  *16,  and  pitch  angle  45% 
we  get : — 

Maximum  Efficiency  =  ( ^ — | — ^A  =  '72  or  72  per  cent,  nearly.* 

If  the  pitch  angle  be  greater  than  45**,  it  will  be  possible  to 
reverse  the  action  of  the  screw,  so  that  a  weight,  W,  on  the  nut 
or  screw  may  be  able  to  overcome  a  small  force,  Q,  on  the  end  of 
the  lever.  Instances  of  this  may  be  met  with  in  some  forms  of 
hand  drills,  and  in  certain  instruments  used  for  domestic  purposes. 
The  student  will  be  able,  from  the  general  investigations  in 
Lecture  YII.,  to  prove  that  the  efficiency  of  a  screw  when  working 
in  the  revei*sed  way  is  given  by  the  equation. 

Reversed  Efficiency  =  — .^"  ~  ^^ . 

'  tan  a 

Non-reversibility  of  Ordinary  Screws  and  Nuts. — In  bolts  and 
most  other  applications  of  screws  the  pitch  angle  is  very  much  less 
than  45*,  consequently,  the  efficiency  of  these   screws  is  often 

*  In  the  oase  of  the  Spragae-Pratt  Electric  Elevators  of  New  York  an 
•efBciency  of  over  90  per  cent,  is  claimed  for  the  nut  and  screw,  owing  to 
the  introduction  of  hardened  steel  friction  balls  between  the  screw  and  nut 
threads.  The  author  had  an  opportunity  of  testing  roughly  the  efficiency 
of  these  elevators,  and  can  testify  to  their  excellent  design,  workmanship^ 
and  action. 
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lower  than  20  per  cent.  In  such  cases,  however,  mechanical 
advantage  and  non-reversibility  are  the  objects  chiefly  aimed  at, 
and  not  high  efSciencj. 

Tension  in  Bolts  due  to  Screwing  Up. — Consider  the  case  of  & 
square-threaded  screw. 

Let  W  =  Tension  in  bolt  dne  to  screwing  up, 
Q  =  Force  applied  at  end  of  spanner, 
L  -  Length  of  spanner, 
d  ^  Mean  diameter  of  bolt  thread, 
p  =  Pitch  of  thread, 

fi  =  Coefficient  of  friction  between  screw  and  its  nut, 
A4 «  >9  9f  nut  and  its  washer. 

Then,         Friction  between  nut  and  toother  =  ^^  W. 

Suppose  this  friction  to  act  at  the  circumference  of  a  circle  of 
diameter  D ;  in  other  words,  let  D  be  the  diameter  of  the  friction 
circle  between  nut  and  washer. 

Then,     Friction  moment  between  nut  and  washer  =  /jk^W  x  — . 


Hence,  by  taking  moments  about  the  axis  of  the  bolt,  we  get : — 

2  +  A^i  W  X  ^ 
W  ( p  +  /Aird       J  ^) 


QxL  =  Hx^  +  AfriWx  -^ 


[From  previous  fonnnla  for  H  and  equation  XV.] 


W  = 


2QL 


p  +  fATd  J  T\ 


vd  -  fLp 


The  average  length   of  a  spanner  is  L  =  15  c?,  and  D   may 
4 
be  taken  at  ^  d,  while  /^  '^  /j>  very  nearly. 

Hence,     'fension  in  bolt  ^  W  ^  |?i^5—  .^^- J-^  Q  - 

For  ordinary  sized  bolts  we  may  take  fA  «  0*15,  and  p  =  0*16  d. 
Hence,  substituting  these  values  in  the  last  equation,  we  get : — 

TenBion  in  bolt  -  ^^  ""3^76^^^  Q  =  75  Q,  nearly. 
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Now,  suppose  a  force  of  30  lbs.  to  be  applied  at  the  end  of  the 
«panner  by  a  workman,  then  : — 

Tension  in  bolt  =  75  x  30  =  2,250  lbs., 

This  tension  would  be  about  sufficient  to  break  a  wrou^ht-iron 
bolt  f  inch  in  diameter,  and  would  seriously  injure  a  bolt  ^  inch 
in  diameter. 

Hence  the  practical  rule  : — TTiat  bolts  less  than  f  inch  in  dia- 
meter should  never  be  employed  for  joints  requiring  to  be  tightly 
screwed  up. 

In  estimating  the  friction  of  such  machines  as  screw  jacks, 
where  the  end  of  the  screw  terminates  in  a  loose  cap  supporting 
the  load,  the  friction  between  the  cap  and  the  part  of  the  screw 
supporting  it  must  not  be  neglected.  In  many  cases  this  friction 
is  about  as  great  as  that  between  the  thread  of  the  screw  and 
its  nut. 

Example  YI. — Apply  the  Principle  of  Work  to  calculate  the 
relation  of  the  effort,  F,  to  the  resistance,  W,  in  the  following 


QP 


End  View.  Side  View. 

Pulley,  Worm,  Wobm-wheel,  and  Winoh  D&um. 


Index  to  Parts. 

GP  represents  Grooved  Pulley. 
Wm         „         Worm  or  endless 

screw. 


WW  represents  Worm-wheel. 
D         ..         Drum. 


» 


combination : — In  a  model  to  show  the  action  of  an  endless  screw 
and  worm-wheel,  the  pulley  which  turns  the  screw  is  18  inches 
in  diameter,  the  screw  is  double  threaded,  and  the  worm-wheel 
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has  30  teetb.  On  the  axis  of  the  worm-wheel  is  a  drum  41 
inches  in  diameter  round  which  the  cord  is  coiled.  What  load, 
W,  hanging  on  this  cord  would  be  supported  by  a  weight,  P,  of 
14  lbs.  at  the  circumference  of  the  pulley,  friction  being  neglected! 

Answer. — Two  views  of  the  essential  parts  of  this  combination 
are  given  above. 

Let  R  =  Radius  of  pulley  »  9  inches. 
„    r    =         „        drum    =  2t     „ 
„    N  =s  Number  of  teeth  on  worm-wheel  =  30. 
„    n  —  „  threads  on  endless  screw  «  2. 

If  the  effort,  P,  receive  a  displacement  equal  to  the  circum- 

n 
ferenoe  of  the  pulley,  then  the  worm-wheel   will  make  ;||.  of  a 

turn,  since  every  complete  turn  of  the  worm  displaces  n  teeth 
on  the  worm-wheel.     Hence  : — 

Displacement  qfW^^x2vr. 

But,  by  the  Principle  of  Work,  we  have  : — 

T  X  its  dieplacement  —  W  x  its  diepUicement, 

P  X  29rR  =  W  X  ^  X  2flrr. 

P       nr 


W      N  R' 

Substituting  the  values  of  P,  n,  N,  r  and  R,  we  get  :^ 

14  _    2  X  2i 
W  ""  30  X  9  * 

W  =  840  lbs. 
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Lectxtke  IX. — QusarioNS. 

1.  State  and  prove  the  relation  between  the  weight,  W,  of  a  body 
retting  on  a  rongh  inclined  plane,  the  reaction,  R,  from  the  plane,  and  the 
force,  Q,  necessary  to  just  balance  the  weisht:  (1)  when  the  force,  Q,  acts 
parallel  to  the  plane,  (2)  when  it  acts  parallel  to  the  base,  (3)  when  it  aott 
at  an  angle,  $,  to  the  plane. 

2.  The  resistance  of  friction  along  an  inclined  plane  is  taken  at  150  lbs. 
for  each  ton  of  weight  moved.  Find  the  work  done  in  drawing  2  tons  up 
100  feet  of  an  incline  which  rises  1  foot  in  height  for  25  in  length. 
Ans,  47,920  ft. -lbs. 

3.  If  150  lbs.  per  ton  is  a  sufficient  tractive  foroe  to  draw  a  loaded 
waffgon  alone  a  horizontal  road,  what  tractive  force  per  ton  will  be  required 
to  draw  the  load  up  an  incline  1  in  10  ?    Ans.  374  lbs.  per  ton. 

4.  What  must  be  the  effective  horse-power  of  a  locomotive  engine 
which  moves  at  a  steady  speed  of  40  miles  per  hour  on  a  level  rail,  the 
resistance  being  15  lbs.  per  ton,  and  the  weight  of  the  engine  and  train 
being  100  tons?  If  the  rails  were  laid  at  a  gradient  of  1  in  100,  what 
additional  horse-power  would  be  required?     Ana.  160  H.P.;  238*93  HP. 

5.  A  train  of  200  tons  ascends  an  incline  which  has  a  rise  of  '5  foot  per 
cent,  {i.e.,  5  feet  in  1,000),  with  a  uniform  speed  of  30  miles  per  hour, 
what  is  the  effective  horse-power  of  the  engine,  the  friction  being  5 '5  lbs. 
to  the  ton  ?    Aw.  267  2  H.  P. 

6.  A  train  of  330  tons  ascends  an  incline  which  has  a  rise  of  '2  per  cent. 
{Le.,  2  feet  in  1,000),  what  is  the  maximum  upeed  in  miles  per  hour  with 
an  engine  of  120  horse-power,  the  friction  being  8  lbs.  to  the  ton? 
Ana.  10*92  miles  per  hour. 

7.  Prove  the  formula  for  the  relation  between  the  weights,  Wj  and  W^, 
in  the  double  inclined  plane,  taking  friction  into  account,  kx.  A  double 
inclined  plane  is  forraea  by  two  inclined  planes  placed  back  to  back  so  that 
they  have  a  common  summit.  Their  inclinations  to  the  horizon  are  30" 
and  40"  respectively.  The  weight  of  the  body  on  the  latter  plane  is 
500  lbs. ;  find  the  greatest  weight  which  it  is  capable  of  drawing  up  on  the 
other  plane,  coefficient  of  friction  in  both  cases  being  0*2.     Ana.  3(^*9  lbs. 

8.  A  stationary  engine  at  the  top  of  an  inclined  plane  is  employed  to 
draw  loaded  waggons  up  the  plane,  and  is  assisted  b^  an  equal  number  of 
empty  waggons  which  descend  by  a  parallel  lioe  of  rails.  Tne  total  weight 
of  loaded  waggons  is  35  tons,  the  weight  of  the  descending  empty  pnes 
bein^  12  tons.  Find  the  maximum  H.P.  developed  by  the  engine,  the 
maximum  speed  of  the  waggons  being  6  miles  per  hour ;  inclination  of  plane 
1  in  15 ;  coefficient  of  traction  on  the  level  being  taken  at  10  lbs.  per  ton. 
Find  also  the  tenaons  in  the  two  ropes.  Ann.  62*48  H.P. ;  5,577  lbs.; 
1,672  lbs. 

9.  Define  the  pitch  of  a  screw.  In  the  Whitworth  angular  screw-thread, 
what  is  the  angle  made  by  opposite  sides  of  the  thread  ?  To  what  extent 
is  the  thread  rounded  off  at  the  top  and  bottom  ?  Distinguish  between  a 
aingte  and  a  double-threaded  screw ;  in  what  cases  would  the  latter  be  used  ? 
Why  are  holding  down  bolts  made  with  angular  threads  ? 

10.  What  is  meant  by  bcmkicuh  ?  How  may  backlash  be  prevented  in  a 
screw  ? 

11.  Sketch  and  describe  some  form  of  screw-jack,  and  estimate  the  rela- 
tion between  the  force  applied  and  the  resistance  overcome,  friction  being 
neglected. 
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12.  Find  the  relation  between  Q  and  W  in  an  ordinary  screw-jack  fitted 
with  a  square-threaded  screw,  taking  friction  into  account.  ^  In  an  ordinary 
•crew-jack  the  mean  diameter  of  the  screw-thread  is  4  inches,  pitch  of 
screw  1  inch,  length  of  lever  measured  from  axis  of  screw  4  feet ;  find  the 
weight  raised  by  an  effort  of  60  lbs.,  applied  at  the  end  of  the  lever,  the 
coemcient  of  friction  being  taken  at  O'l.     Atu,  3*55  tons. 

13.  Find  an  expression  for  the  efficiency  of  the  screw  in  last  question, 
and  state  its  numerical  value  for  example  given.  What  are  the  conditions 
for  maximum  efiiciency  ?    Prove  your  answer.    j4ns,  44  per  cent. 

14.  In  question  12  find  the  weight  raised  and  the  efficiency  of  the  appar- 
atus when  the  friction  between  the  cylinder  of  the  screw  ana  the  loose  cap 
fitted  thereon  is  taken  into  account.  Yon  may  take  diameter  of  friction 
'circle  for  loose  cap  equal  to  mean  diameter  of  screw  thread,  and  coefficient 
of  friction  same  as  before.    Ant,  1*57  tons  ;  19*4  per  cent. 

15.  State  the  principle  of  work,  and  apply  it  to  calculate  the  relation  of 
the  force,  P,  to  the  resistance,  W,  in  the  following  combination : — Bx.  A 
worm-wheel  having  16  teeth  forms  the  nut  of  a  screw  of  ^-inch  pitch  ;  an 
endless  screw,  actuated  by  a  lever  handle  of  14  inches  in  length,  works  in 
the  worm-wheel.  Find  the  pressure  exerted  by  the  screw  when  a  force  of 
20  lbs.  is  applied  to  the  end  of  the  lever  handle.     An^,  25  tons. 

16.  Explain  the  mechanical  advantage  resulting  from  the  employment  of 
an  endless  screw  and  worm-wheel.  The  lever  handle  which  turns  an  end- 
less screw  is  14  inches  long,  the  worm-wheel  has  32  teeth,  and  a  weight,  W, 
hangs  by  a  cord  from  a  drum  of  6  inches  in  diameter,  whose  axis  coincides 
with  that  of  the  worm-wheel.  If  a  pressure,  P,  be  applied  to  the  lever 
handle,  find  the  ratio  of  P  to  W  for  equilibrium.     An$.  3  :  448. 

17.  Sketch  and  describe  the  screw  lifting  jack  as  fitted  with  screw  and 
worm-wheel  gear.  The  handle  being  15  inches  long,  the  pitch  of  the  screw 
1^  inches,  and  the  worm-wheel  having  15  teeth,  find  the  force  on  the 
handle  for  raising  5  tons  (friction  is  neglected).  (S.  ft  A.  Adv.  Exam.» 
1889.)    Afu.9'9\bB. 

18.  A  common  screw-jack,  with  a  lever  16  inches  in  length,  has  a  worm- 
wheel  of  20  teeth,  and  a  screw  of  1^  inches  pitch.  Sketch  the  arrangement 
and  calculate  the  weight  lifted  by  the  application  of  a  constant  pressure  of 
30  lbs.  at  the  end  of  the  handle,  friction  being  neglected.  (S.  &  A.  Adv. 
Exam.,  1892.)    ^Iym.  48,255  lbs. 

19.  The  table  of  a  drilling  machine  is  raised  by  a  worm  and  wheel  in 
combination  with  a  rack  and  pinion.  Sketch  the  arrangement,  and  find 
what  weight  would  be  balanced  on  the  table  if  a  pressure  of  12  lbs.  were 
applied  to  the  end  of  the  handle,  which  is  12  inches  long,  the  worm  being 
siu^e-threaded,  while  the  worm-wheel  has  30  teeth,  and  the  pitch  circle 
of  the  rack-pinion  is  4  inches  in  diameter.  Suppose  the  table  and  acces- 
sories to  weigh  500  lbs.,  and  that  45  per  cent,  of  the  work  applied  is  lost 
by  friction.  (S.  &  A.  Adv.  flxam.,  1892.)  Atm.  When  the  table  is  on 
the  point  of  moving  downwards  then  3,427  lbs.  is  the  maximum  weight 
that  can  be  balanced.  When  the  table  is  on  the  point  of  being  raised 
then  688  Iba.  is  the  minimum  weight  which  produces  a  balance. 

20.  A  body  of  100  Iba.  rests  on  an  inclined  plftno  whose  inclination  it 
dS"* ;  the  coeffieient  of  friction  is  0*14.  A  force  £  acts  up  the  plane  making 
an  angle  of  15"  with  the  plane.  Find  E,  first,  when  it  is  just  able  to  move 
the  body  up  the  plane ;  second,  when  it  just  allows  tha  body  to  slip  down 
the  plane.  You  may  do  the  work  graphically  or  arithmetically,  using 
tables.     (6.  &  A.  Adv.  Exam.,  1898.) 

21.  A  locomotive  with  three  pairs  of  wheels  coupled  weighs  35  tons ; 
the  ooefiftdent  of  friction  between  wheels  and  rails  ii  0*18.     Find  the 

13 
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greatest  pnll  which  the  engine  can  exert  in  propelling  itself  and  a  train. 
What  is  the  total  weight  of  ittelf  and  train  which  it  can  draw  up  an 
incline  of  1  in  100,  if  the  resistance  to  motion  is  12  lbs.  per  ton  on  the 
level?    (S.  &  A.  AdT.  Exam.,  1897.) 
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LECTURE  X 

CoMTENTS. — Friction&l  Besistances  and  Efficiencies  of  Machinea  in  General 
—  Example  L — Application  to  the  8teain  Ekigine  —  Efficiency  of  a. 
Reversible  Machine — Example  11.— Qaeetions. 

Frictional  Resistances  and  Efficiencies  of  Machines  in  General^ 
In  Lecture  VII.  we  showed  how  to  calculate  the  work  lost  in 
friction  in  the  cases  of  plane  and  cylindrical  surfaces.  As  these 
are  the  principal  kinds  of  rubbing  surfaces  in  machinery,  we  might, 
if  we  knew  the  exact  pressures  between  the  various  surfaces,  cal- 
culate the  total  frictional  losses  and  thus  find  the  efficiency  of  the 
machine.  But  there  are  other  losses  of  work  during  its  trans- 
mission, such  as  the  bending  of  ropes,  belts,  chains,  tbc,  which  it  i» 
almost  impossible  to  calculate  with  exactness.  Even  if  we  could 
calculate  all  these  various  losses,  the  task  would  be  a  most  tedious 
and  unprofitable  one.  Hence,  in  finding  the  efficiency  of  any 
machine,  we  have  recourse  to  direct  experiment  on  the  machine 
as  a  whole,  the  results  of  which  furnish  us  with  data  from  which 
we  can  determine  the  exact  efficiency.  In  genei'al,  however,  a 
machine  will  not  have  the  same  efficiency  when  working  under 
different  loads,  owing  to  the  fact  that  the  frictional  and  other 
resistances  are  not  proportional  to  the  efforts  and  loads.  To  make 
this  clearer,  suppose  we  take  the  case  of  a  steam  engine.  Hei*e 
the  friction  between  the  piston  and  its  cylinder,  the  piston-rod, 
valve  rods,  &c.,  and  their  struffing  boxes,  as  well  as  the  friction  at 
the  journals  due  to  the  weights  of  the  flywheel  and  shaft,  are, 
severally,  constant  in  amount,  whether  the  engine  be  developing 
full  power  or  running  light.  Hence,  in  all  machines  there  is  a 
certain  proportion  of  the  frictional  and  other  resistances  constant, 
whatever  be  the  magnitude  of  the  effort  and  the  load.  This 
^as  just  explained  in  the  case  ot  tne  steam  engine)  is  due  to^ 
tOFces  between  the  parts  of  the  machine  itself,  such  as  the  weights 
and  inertia  of  the  moving  parts,  or  the  resistances  offered  to  the 
bending  and  stretching  of  parte,  and  which  have  little  or  no  con- 
nection with  the  effort  exerted  or  the  load  overcome.  From  these 
facts  we  see  that  the  lost  work  will  be  proportionally  less,  and  the 
useful  work  proportionally  more  the  greater  the  total  work 
expended.  In  other  words,  tfve  effi<iiency  of  a  machine  will,  in 
general^  he  higher  the  grealer  the  load.  This  statement,  however, 
is  not  true  for  hydraulic  and  other  machines  where  fluid  resistance 
occur,  or  where  the  speed  of  the  machinery  is  very  great.     As  will 
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t>e  seeD  later  on,  fluid  resistances  increase  yery  rapidly  with  the 
Bpeed.  In  high-speed  machinery  the  effects  of  the  inertia  of  the 
moving  parts  introduce  other  serious  losses  which  must  not  be 
ignored  when  calculating  their  efficiency. 

The  *' Principle  of  Work,"  when  applied  to  a  machine,  has 
■already  been  written  in  the  form  : — 

Total  work  expended  =  Useful  work  done  +  Lost  work. 
Or,  Wt  =  Wu  +  Wl  [see  eqn.  (I.),  Lect.  IV.] 

The  last  term,  Wl,  is  made  up  of  two  distinct  parts — one  part 
depending  on  Wx  and  W^j,  and  a  second  part  which  is  constant, 
and,  therefore,  independent  of  Wx  and  W^j.  Hence,  we  may 
put : — 

Wl  =  /^  Wx  +  ic*2  Wu  +  C. 

Where  fi^  /ti^  are  numerical  coefficients,  and  /ui^  Wx ,  a4  Wu  are  the 
frictional  resistance  due  to  the  effort  and  load  applied ;  while  0 
represents  an  amount  of  lost  work  which  is  constant  for  the  same 
machine 

Wx  =  Wu  +  A^i  Wx  +  /tg  "^u  +  0. 
Or,  (l-A*i)Wx=  (l  +  At2)Wxj+  C (I) 

This  is  a  general  equation  for  the  "  Principle  of  Work "  as 
applied  to  machines.  In  most  machines  the  coefficient,  /^,  which 
depends  on  the  effort,  Q,  must  necessarily  be  very  small,  and  may 
sometimes  be  neglected. 

Dividing  both  sides  of  the  equation  (I)  by  (1  -  jm^)  we  get : — 

Wx  =  ^^^2  Wu+       0 


•■  -  (' *  ?^)  ^^  - '• 

Or,  Wx  =  (1  +  /)  Wu  +  P (II) 

Where/^=  ^  ^  ^^^  and  F  f  =  y^)  are  new  eonstants  de- 
rived from  the  old  ones,  as  shown. 

For  some  purposes,  it  is  more  convenient  to  write  equation  (II) 
in  the  following  forms  : — 

Wx  =  ifc  Wu  +  F (Ill) 

Or,  Qa:  =  ;feWy  +  F (IV) 
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Where  (as  in  Lecture  IV.)  a:  and  y  are  respectively  the  displace- 
ments  of  the  effort  Q  and  the  load  W,  in  a  given  time. 

Suppose  the  machine  to  run  light.  Then  W  =  0,  and  Qq  ia 
the  effort  required  to  drive  the  machine. 

From  equation  (IV),  we  get  :^ 

QoOJ-F. 

That  is,  F  represents  the  vxrrk  done  in  driving  the  machine 
unloaded. 

Dividing  both  sides  of  this  equation  by  a;,  we  get : — 

F 

This  is  the  effort  required  to  drive  the  machine  light. 

Substituting  the  above  value  for  F,  in  equation  (IV),  we  get  :— 

Qa;  =  A  Wy  +  Q^a;. 
Or,  Q  =  A:  W  ?^  +  Qo 

Q-AW|  +  Qo (V) 

This  is  a  general  equation  connecting  the  effort  Q  and  the  load 

V 
W  for  any  machine.      Since  the  velocity  ratio,  — ,  is  constant 

for  the  same  machine,  we  might  write  the  last  equation  in  thi» 
convenient  form : — 

Q  =  K  W  +  Qo (VI) 

/V 
Where,  K  =  k/  — ,  and   can  be  found   by  experiment  for  any 

machine. 

Example  I. — In  an  ordinary  block  and  tackle  having  three 
sheaves  in  the  upper  and  two  in  the  lower  block,  it  is  found 
by  experiment  that  a  force  of  11  lbs.  is  required  to  lifb  a  weight 
of  40  lbs.,  and  a  force  of  24^  lbs.  to  lift  a  weight  of  100  lbs. 
Find  a  general  expression  for  the  relation  between  Q  and  W  in 
this  arrangement,  and  the  weight  which  could  be  raised  by  a  force 
of  56  lbs.  Find,  also,  the  efficiency  of  the  machine  in  all  three 
cases,  and  the  actual  mechanical  advantage. 

Answer. — The  general  relation  between  Q  and  W  must  be  of 
the  form : — 

.     .        Q  =  K  W  +  Q^ (1) 


11  =  —  X  40  +  Qo, 
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From  the  results  of  the  first  experiment,  we  get : — 

11  =  40K  +  Qo (2) 

And  from  the  i^esults  of  the  second  experiment,  we  get : — 

24i  =  100  K  +  Qo (3) 

(3)-(2)  13^  =  60  K, 

120  "  40" 
Substituting  this  value  of  K  in  equation  (2),  we  get : — 

9^ 

40 

Qo  =  2  lbs. 

Or,  the  effort  required  to  drive  the  machine  light  is  2  lbs. 

Substituting  the  values  of  K  and  Qq  in  equation  (1),  we  get : — 

Q  =  S^  +  2 W 

which  is  the  general  formula  required. 

To  find  the  weight  which  could  be  lifted  by  an  effort  of  56  lbs., 
we  substitute  this  value  in  equation  (4),  and  get: — 

56  =  ^^  W  +  2. 

W  =  5LliO  -  240  lbs. 

The  efficiency  of  the  machine  in  any  case  is  found  from  the 
usual  formula,  viz. : — 

„^  .  Useful  work  done  Wy        W   t? 

^tM'^^y  =  Total  work  expended  "  ^a?   ""  Q   V* 

Since  there  are   five  ropes  supporting  the  weight,  W,  in  this 
system  of  block  and  tackle,  it  is  clear  that : — 

^  -  1 
V  -  5* 

Efficiency  =  g   q-- 


•  • 
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When  raising  the  weight  of  40  lbs.,  we  get : — 

1        40 
Efficiency  =  g  5<    j j  =  '727,  or  727  per  cent     (1) 

When  raising  the  weight  of  100  lbs.,  we  get : — 

Efficiency  =  v  x  gj^g-  =  -816,  or  81-6  per  cent.     (2) 

When  raising  the  weight  of  240  lbs.,  we  get : — 

1       ^^40 
Efficiency  =  «  ^  it g"  *=  '^57,  or  86*7  per  cent.    (3) 

The  student  should  notice  how  the  efficiency  increases  as  the 
load,  W,  is  increased. 

Tht  cMtual  advantage)  ^  ^   _   ^       o.^q 
when  raising  40  Iba, )       ^   ~   IT  ^ 

By  multiplying  the  numbers  expressing  the  efficiencies  by  5 
(the  number  of  roi)es  attached  to  the  lower  block),  we  get  the 
actual  mechanical  adrantage  in  each  case. 

Application  to  the  Steam  Engine.— Since  the  above  reasoning  is 
applicable  to  cUl  machines,  when  the  fiictional  resistances  are  not 
greatly  influenced  by  speed,  dsc,  we  may  here  show  its  application 
to  the  steam  engine. 

^et  pm  =  Mean  pressure  on  piston  in  lbs.  per  square  inch. 

„  Pu  ~  Mean  pressure  per  square  inch  fbeing  part  of  j9,a) 
required  to  overcome  the  nsefm  load,  W. 

y,  Po  »  Mean  pressure  per  square  inch  required  to  drive 
the  engine  when  unloaded,  or  simply  the  **•  fric- 
tion pressure  "  per  square  inch. 

V 

Since,  —  or  the  velocity  ratio  does  not  enter  into  this  case, 

and  all  the  pressures  are  considered  as  acting  on  the  same  piston, 
we  get  from  equation  (V) : — 

Pm  "  ^  I'm  +  j^o  • 

By  experiment  it  is  found  that  the  constant  po,  called  the 
*^  Friction  Pressure,''  has  a  value  between  1  and  1|  lbs.  per 
square  inch,  in  ordinary  land  engines,  and  about  2  lb&  per  square 
inch  in  marine  enginea  The  value  of  k  is  about  1*15,  but  varies 
with  both  size  and  speed  of  engine.  In  large  or  high-speed  engines, 
k  is  often  less  than  1*15,  though  it  can  never  be  less  than  1. 


EFFICIENCY  OF  MACHINES  WHEN   REVERSED.  201 

Efficiency  of  a  Reversible  Machine The  student  will  have 

noticed,  from  the  Table  of  EfficieDcies  in  Lecture  11. ,  the  great 
•difference  in  the  efficiencies  of  such  machines  as  the  ordinary  block 
and  tackle,  and  the  Weston's  pulley  block.  In  the  examples 
worked  out  at  the  end  of  Lecture  lY.,  it  was  proved  that  the 
•efficiency  of  the  former  machine  may  be  as  high  as  75  per  cenl., 
while  the  efficiency  of  the  latter  never  reaches  50  per  cent.,  and 
seldom  exceeds  40  per  cent.  He  also  knows  that  when  the 
•efficiency  of  any  machine  is  less  than  50  per  cent,  it  will  not 
reverse,  even  if  the  hauling  foix^e  or  effort  be  withdrawn.  Hence 
the  diffisrence  in  the  working  of  the  two  machines  just  mentioned. 
The  '<  block  and  tackle  "  is,  under  ordinaiy  conditions,  a  reversible 
machine  {i,e,,  the  load  at  the  lower  block  is  capable  of  overcoming 
4i  smaller  load  at  the  hauling  part  of  the  rope),  while  the  Weston's 
pulley  block  will  not  reverse  even  when  the  hauling  force  is 
•entirely  withdrawn.  To  lower  the  load  with  a  Weston's  block 
a  force  has  to  be  applied  to  the  opposite  part  of  the  hauling 
•chain  from  that  at  which  the  effort  had  to  be  applied  when  raising 
the  load. 

The  screw,  wedge,  and  worm-wheel  arrangements  are,  generally 
speaking,  examples  of  non-reversible  machines.  In  fact,  their 
usefulness  depends  to  a  large  extent  on  this  condition. 

We  can  now  show  that  the  efficiency  of  a  machine,  when  work- 
ing reversed,  is  not  the  same  as  when  working  in  the  usual  way. 
Further,  if  the  efficiency  of  any  machine  be  less  than  *5  or  50 
per  cent.,  it  is  not  reversible. 

We  have  seen  that  in  any  direct  working  machine  the  "  Prin- 
•ciple  of  Work  "  takes  the  form  : — 

(1  -  ^i)  Wt  =  (1  +  A^a)  Wu  +  C.  [equation  (I)] 
Or,  (1  -Ah)QaJ  =  (1  +^^2)  Wy  +  C     .     .     .     .     (1) 

where  the  coefficients,  a^^  and  /i*2,  have  the  meanings  already 
assigned  to  them,  and  0  represents  a  quantity  of  work  absorbed  in 
the  machine,  but  which  is  independent  of  both  Q  and  W. 

Now,  suppose  we  gradually  diminish  the  effort,  Q,  until  the 
■machine  reverses.  When  this  takes  place,  let  the  new  value  of  Q 
l>e  denoted  by  to,  so  that  the  new  load  is  u?,  and  the  original  load, 
W,  becomes  the  new  effort  The  above  relation  being  still 
approximately  true,  we  only  require  to  substitute  the  new  values 
for  the  new  effort  and  load.  At  the  same  time  it  must  be  observed 
that  the  coefficients,  yci^  and  /t2,  are  taken  along  with  their  proper 
terms,  to  x  and  W  y ;  i.e.,  fj^^tox  is  the  lost  work  due  to  new  load, 
40,  while  M>2^  y  is  lost  work  due  to  new  effort  or  original  load^  W. 
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Then  :— 

(1  -  A^2)  Wy  =  (l+^i)«'«  +  ^ (2) 

Now  subtracting  equation  (2)  from  (1),  in  order  to  eliminate  0, 
we  get : — 

Dividing  both  Bides  by  (1  +  a&i)  and  W  y,  we  get : — 


wx 


2       _  /I  -  MQg 


(K 


Wy        1  +  /t,      Vi  +  f^jJWy' 

__,  .  _  ,       Useful  work  done  in  raisinsr  t(7 

Emctency  when  reversed  =  ^  ^  , = ,   ,  , — ^^. 

••^  Total  work  expended  by  W 


V}X 


2         /i-M  Q« 


» 


(l+J 


1+^1        \1  +  A^i/  W  y  ■ 


But  -^Y--  =  the  original  efficiency  of  the  machine,  or  efficiency 

when  working  in  the  usual  manner. 

.-.    Efficiency  of  Machine  )  _     2      _  /I  -  f^\  ^  1         /  yii\ 
when  Reversed      ]  "  l  +  fi^      \\+fj.J     n    ' 

where  9}  denotes  the  original  efficiency  of  the  machine. 

It  is  clear  that  the  machine  will  not  reverse  unless  the  above 
efficiency  be  greater  than  0 — 

2  /I  -  M      1  ^   ^ 

I.e.,  unless   .     .    i — ; -  I  y~, —  )  ^  ~  >  0  • 

1                                              2        ^  /I  -  A^A       1 
».e.,  unless i >  I  -. )  x  -  . 

i.e.,  unless ij  >    ^  (1  -  ^t^). 

Consequently,  the  machine  will  not  reverse  until  the  original 
efficiency,  *j,  be  greater  than  ^  (1  -  A^i),  and,  if  it  be  less  than  this, 
it  will  not  reverse  even  if  the  original  hauling  force,  Q,  be  entirely 
withdrawn.  For,  if  ?j  =  J  (1  -^j),  the  efficiency  of  the  machine 
when  reversed  would  vanish  (as  may  be  seen  by  substituting  this 
value  in  equation  (VII) ).  If  »j  <^  J  (1  —Ah),  the  efficiency  would 
be  negative,  which  is  absurd. 
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We  have  already  stated  that  in  most  machines  the  fiuction,  fi^, 
is  very  smaU,  and  may  be  neglected.  Hence  we  get  the  important 
statement  that 

A  machine  will  not  reverse  even  when  the  hauling  force  iB 
entirely  withdrawn,  if  the  efficiency  is  less  than  |  or  50  per  cent. 

Example  II. — Apply  the  "Principle  of  Work"  to  calculate  the 
relation  between  P  and  W  in  the  screw  lifting  jfick,  fitted  with 
screw  and  worm-wheel  gear.  The  handle  which  works  the  jack 
has  a  radius  of  14  inches,  pitch  of  screw  1  inch,  number  of  teeth 
on  worm-wheel  20,  and  the  worm  is  double  threaded;  find  the 
force  which  miist  be  applied  at  the  end  of  the  handle  in  order  to 
raise  a  weight  of  4  tons,  friction  being  neglected.  If  the  actual 
force  required  to  raise  this  weight  be  40  Ibe.,  what  is  the  efficiency 
of  the  apparatus  ? 

Answer.  —  Let  L  =  length  of  handle,  p  »  pitch  of  screw, 
N  —  number  of  teeth  on  worm-wheel,  n  =  number  of  threads  on 
worm. 

(1)  Suppose  the  handle  to  make  one  complete  turn.  Then, 
since  there  are  n  threads  on  the  worm,  and  N  teeth  on  the  worm- 
wheel,  it  is  clear,  that  for  one  turn  of  the  handle,  the  worm-wheel, 

which  forms  the  nut  of  the  screw,  will  have  made  ^  part  of  a 

complete  turn.      Hence  the  weight,  W,  will  have  been  raised 

through  a  height  ^  x  p, 

/.     By  the  Principle  of  Work,  we  get : — 

P  X  its  displacement  =  W  x  its  displacement. 

P    X    2  c  L   =   W    X     ,r>     X    /?  , 

P  np 


W       2  ^  L  N  • 

(2)  In  the  example  jo  =  1",  L  =  14",  n  =  2,  N  =  20,  W  =  4  x  2,240 
lbs. 

P  =  4  X  2,240  X  ^^-!^ lbs., 

2  X  --"  X  14  X  20 

„  »  1018  lbs. 

P         10*18 

(3)  Bifficiency  =  7^  =  —57-  =  *2^*^»  ^^  ^^'^^  percent 
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LscTURB  X. — Questions. 

1.  ExpUin  why  the  force  necessary  to  drive  a  machine  does  not  vary  in 
•exact  proportion  with  the  load. 

2.  With  a  pair  of  three  sheaved  blocks  it  is  found  by  experiment  that 
A  weight  of  40  lbs.  can  be  raised  bv  a  force  of  10  lbs.,  and  a  weight  of 
200  lbs.  by  a  force  of  40  lbs.    Find  the  general  relation  between  P  and  W, 

and  also  the  efficiency  when  raising  100  lbs.     Ans.  P=Ta^  "^  ^*   "^^ 

or  78'4  per  cent. 

3.  With  a  screw  jack  it  is  fonnd  that  a  force  of  47*6  lbs.  must  be 
applied  at  the  end  of  the  handle  to  lift  1  *5  tons,  and  a  force  of  85  lbs.  to 
lift  3  tons.     Find  what  force  will  be  required  to  raise  2  tons.     Ana.  &0  lbs. 

4.  If  the  lengtii  of  the  handle  in  the  above  example  be  2  feet  and  the 
pitch  of  the  screw  }  inch,  find  the  efficiency  in  each  case.  Ans,  35*3,  39*5, 
and  37*3  per  cent. 

5.  Fina  the  **/riciwn  pressure  "  of  a  steam  eneine  which  requires  a  mean 
effective  pressure  of  24  lbs.  per  square  inch  to  drive  it  at  full  load,  20  lbs. 
bein^  taken  up  in  overcoming  the  load.  At  three-quarters  load  a  mean 
effective  pressure  of  18*5  lbs.  is  required,  of  which  15  lbs.  is  similarly 
taken  up.     Ans,  2  lbs.  per  square  incn. 

6.  It  is  found  that  a  force  of  2  lbs.  must  be  applied  to  the  handle  df  a 
crane  in  order  to  wind  up  the  rope  when  no  weight  is  attached  and  of 
^  lbs.  when  lifting  a  weight  of  10  cwts.  If  the  velocity  ratio  be  20,  find 
the  efficiency  in  this  last  case  and  also  when  the  force  at  the  handles  is 
lessened  so  as  just  to  allow  the  weight  to  descend.  Ans,  70  percent.; 
J57  per  cent. 
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PART    IL  — GEARING- 


LECTURE  XI. 

Ck)NTBNT8. — ^Definition  of  Gearing — Train  of  Wheels— Pitch  Surface— Pitch 
Circle — Definitions  of  Pitch  kSurface,  Pitch  Line  or  Pitch  Circle,  Pitch 
Point — Sizes  of  Spur  and  Bevel  Wheels  —  Velocity- Ratio  of  Two 
Wheels  in  Gear  —  An^lar  Velocity-Ratio  —  Definition  of  Angular 
Velocity — Velocity-Ratio  of  a  Train  of  Wheels— Definition  of  Value 
of  Train — Example  I. — Intermediate  or  Idle  Wheel — Marlborough 
Wheel — Change  Wheels  for  Screw  Cutting  Lathes — Example  IL — 
Force- Ratio  and  Power  Transmitted  by  Gearing — Examples  III.  and 
IV. — Questions. 

Definition  of  Gearing. — The  term  gearing  is  applied  generally  to 
any  arrangement  of  wheel-work  or  link-work,  for  transmitting 
motion  and  power  from  one  place  to  another.  Engineers,  how- 
ever, restrict  the  term  to  denote  any  combination  of  tokeels  used  for 
the  transmission  of  motion  and  power  from  one  shaft  to  another. 

When  the  wheels  are  so  arranged  that  they  are  capable  of  com- 
municating motion  from  one  to  the  other,  they  are  said  to  be  in 
gea/r  ;  otherwise  they  are  said  to  be  out  of  gear. 

Train  of  Wheels. — When  a  number  of  wheels  are  employed  in 
transmitting  motion  and  power  from  one  place  to  another,  it  is 
usual  to  so  aiTange  the  wheels  that  each  shaft,  except  the  first 
and  last,  shall  carry  two  wheels  of  different  sizes;  the  smaller  of 
these  is  made  to  gear  with  the  larger  one  on  the  shaft  next  in 
order.     Such  an  arrangement  is  termed  a  Train  of  Wheels. 

In  any  train  of  wheels,  that  wheel  which  causes  motion  is 
termed  the  Driver,  and  that  which  receives  the  motion  is  called 
the  Follower.  Usually,  however,  the  terms  driver  and  follower 
are  applied  to  any  contiguova  pair  of  wheels  in  the  train. 

The  connection  between  a  driver  and  its  follower  may  be  made 
in  either  of  three  wavs  : — 

I.  By  rolling  contact  at  their  surfaces,  as  in  toothless  wheels  or 
friction  gearing, 

II.  By  sliding  contact  of  their  surfaces,  as  in  toothed  gearing. 

III.  By  belts,  ropes,  or  cJiains. 

The  first  two  methods  are  adopted  when  the  shafts  to  be  con- 
nected are  close  together.  In  such  cases  the  wheels  are  in  actual 
contact  with  each  other.     The  third  method  is  adopted  when  the 
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shafts  are  so  far  apart  that  it  becomes  impracticable  or  incon- 
venient to  use  friction  or  toothed  wheels.  However,  circumstances 
other  than  the  mere  distance  apart  of  the  shafts  often  determine 
which  method  of  connection  should  be  adopted  The  advantages  and 
disadvantages  attending  each  method  will  appear  in  what  follows. 

In  this  Lecture  we  shall  deal  with  the  velocity-  and  force-i-atios 
communicated  by  wheels  in  gear,  particularly  with  friction  and 
toothed  gearing,  leaving  their  theory  of  construction  and  design  to 
subsequent  Lectures.  We  begin  by  defining  a  few  of  the  general 
terms  employed. 

Pitch  Surface — Pitch  Circle. — Motion  may  be  communicated 
from  one  shaft  to  another  by  rolling  contact  between  the  surfaces 
of  bodies  rigidly  fixed  to  the  shafts.  The  shafts  to  be  connected 
may  be  (I)  parallel,  (2)  intersecting,  or  (3)  neither  parallel  nor 
intersecting.  The  third  case  will  not  come  under  our  notice  in 
this  text-book.  The  velocity-ratio  transmitted  may  raquire  to  be 
constant  or  variable.  It  is  only  for  very  special  machinery  that  a 
variable  velocity-ratio  is  required,  and  we  shall,  therefore,  not 
consider  it  here.  We  have,  therefore,  to  consider  the  case  of  a 
constant  velocity-ratio  between  two  parallel  or  intersecting  shafts. 
The  rigid  bodies  fixed  to  the  shafts,  and  through  which  the 
motion  has  to  be  transmitted,  must  be  cylindrieal  for  parallel 
shafts,  and  conical  for  intersecting  shafts.  These  bodies  we  shall 
now  call  wheels,  being  Spur  or  bevel,  according  as  they  are  cylin- 
drical or  conical  —  i.e.y  according  as  they  are  used  to  connect 
parallel  or  intersecting  shafts. 

The  surfaces  of  the  wheels,  which,  by  their  rolling  contact,  com- 
municate the  required  velocity-ratio,  are  called  Pitch  Surfaces. 
In  ordinary  friction  gearing  these  pitch  surfaces  have  a  real 
physical  existence,  but  in  toothed  gearing  they  have  no  such 
existence.  However,  for  constructive  and  other  purposes,  it  is 
necessary  to  imagine  such  surfaces  as  also  existing  in  their  case. 
Hence,  we  have  the  following  : — 

Definition. — The  Pitch  Sorface  of  a  Toothed  Wheel  is  an 
ideal  surface  (intermediate  between  the  crests  of  the  teeth  and 
the  bottoms  of  the  spaces),  which,  by  rolling  contact  with  the 
pitch  surface  of  anotiier  wheel  would  communicate  the  same 
motion  that  the  toothed  wheels  communicate. 

Definition. — The  Pitch  Line  or  Pitch  Circle  is  a  section  of 
the  pitch  surface  perpendicular  to  it  and  to  the  axis  of  the  shaft. 

In  the  case  of  cylindrical  pitch  surfaces,  the  surface  of  section 
is  a  plane  perpendicular  to  the  axis  of  the  shaft ;  while  for  conical 
pitch  surfaces  it  is  a  sphere  having  its  centre  at  the  apex  of  the 
cone. 
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Definition.— The  Pitch  Point  of  a  pair  of  wheels  in  gear  iff 
the  point  of  contact  of  their  pitch  lines  or  circles. 

In  bevel  gearing  only  frasta  of  the  conical  surfaces  are  employed. 

Equal  bevel  wheels  having  the  angle  at  the  apex  of  their  pitch 
cones  equal  to  a  right  angle  are  called  Mitre  Wheels.  Mitre 
wheels  are  used  when  two  shafts  at  right  angles  to  each  other 
have  to  rotate  with  equal  speeds. 

Sizes  of  Spar  and  Bevel  Wheels. — The  size  of  a  spur  wheel  is 
measured  by  the  diameter  of  its  pitch  circle.  With  bevel  wheels, 
however,  the  pitch  circle  is  of  variable  diameter.  For /some  pur- 
poses, the  size  of  the  bevel  wheel  is  measured  at  the  larger  end  of 
the  conical  frustum,  while  for  other  i)urposes  it  is  measured  at  a 
pitch  circle  half  way  between  the  larger  and  smaller  ends  of  the 
frustum.  For  mere  convenience  in  stating  the  relative  sizes  of 
bevel  wheels,  the  first  of  these  methods  is  adopted;  but  for 
calculations  relating  to  power  transmitted,  (be,  we  require  to 
adopt  the  second  method.  In  applying  the  following  results  of 
this  Lecture  to  bevel  gearing,  it  must,  therefore,  be  remembered 
that  the  diameter,  pitch  circle  velocity,  &c.,  refer  to  the  pitch 
circle  JicUf  tvay  between  the  larger  and  smaller  ends  of  the 
frustum. 

Velocity-Ratio  of  Two  Wheels  in  Gear. — When  toothed  gearing^ 
has  properly  formed  teeth,  and  the  wheels  are  accurately  in  gear, 
then  the  velocity-ratio  transmitted  is  kinematically  identical  with 
that  obtained  by  the  rolling  of  their  pitch  surfaces  in  contact 
without  slipping.  Hence,  in  what  follows,  we  shall  consider  the 
velocity-ratio  of  the  pitch  circles  only.  * 

Let  A  and  B  be  the  centimes  of  two  wheels  in  gear. 
„    D^,  T>2  =  Diameters  of  pitch  circles  A  and  B  respectively. 
„    Nj,  Ng  =  Number  of  revolutions  of  \\  heels  A  and  B  „ 

in  unit  time. 
„     Wj,  7*2  =  Number  of  teeth  on  „  „       „ 

Then,  since  no  slipping  takes  place,  we  must  have  : — 

CircumfererUicU  Velocity  qfA  =  CircumferentioU  Velocity  of  B. 


Or, 
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OoDseqaently,  The  speeds  of  two  whede  in  gea/r,  are  inversely  as 
their  diameters  or  number  of  teeth. 

Angular  Velocity-Ratio. — Sometimes  we  require  to  know  the 
angiUar  velocity-ratio  of  two  wheels  in  gear  in  terms  of  their 
diameters  or  number  of  teeth.  This  we  now  proceed  to  determine, 
but,  in  the  first  place,  we  give  the  following : — 

Definition. — The  Angular  Velocity  of  a  rotating  body  is  the 
drcalar  measure  of  the  angle  described  in  unit  time  by  any  line  in 
that  body. 

Let  u^f  0*2  ~  Angular  Velocity  of  wheels  A  and  B  respectively. 


Velocity-Ratio  of  Two  Circulab  Discs. 

During  a  small  interval  of  time  let  the  radii,  A  C,  B  0,  be  dis- 
placed through  tho  angles  &  and  p  into  the  positions  A  D,  B  E 
respectively. 


Then, 
But» 

i.6., 

Or, 


Arc  C  D  =  Arc  C  E. 

^1  ^  =  ^2  ^• 


!i  =  r 


r.. 


£ 
r 


Hence, 


-^1  =  ?!  =  ?? 

to.      Ng      Di 


!h 


(11) 
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OoDflequently,  the  cmgtUar  vdociiies  of  tvoo  tcheeU  in  gear^  are 
irvoeredy  cu  their  diameters  or  number  cjf  teeth. 

It  may  be  useful  here  to  state  the  relation  between  the  angular 
velocity  of  a  wheel  and  the  linear  velocity  of  a  point  on  its  pitch 
circle. 

Let  y  =  Linear  velocity  of  a  point  on  the  pitch  circle. 
„     «  B  Angular  velocity  of  wheeL 
,y     r  a  Badius  of  pitch  cirda 

Since  u  is  the  angle  described  in  unit  time  by  any  radius, 
then  »-^ 

Arc  deecribed  in  unit  time  ^  «  I  _ 
point  at  distance^  r,  from  axis^   j 

But  the  length  of  this  arc  represents  the  velocity,  Y. 

Hence,  V  =  wr. 

Again,  since  V  =  2  «•  r  N. 

2  cr  r  N  =  «  r. 
Or,  «  =  2  AT  N. 

Velocity-Batio  of  a  Train  of  Wheels. —  In  questions  relating 
to  trains  of  wheels  there  is  a  certain  advantage  in  denoting  the 
radii,  diameters,  or  number  of  teeth  on  the  various  wheels  by 
single  letters,  such  as  A,  B,  C,  ...  ,  which  letters  also  may 
indicate  the  wheels  themselvea* 

Definition. — The  ratio  of  the  number  of  revolutions  of  the 
last  wheel  in  a  train  to  the  number  of  revolutionB  of  the  first 
wheel  in  the  same  time  is  called  the  Value  of  the  Train. 

Thus,  denoting  the  value  or  velocity-ratio  of  the  train  by  0, 
we  get : — 

Bevolntions  of  last  wheel  in  any  time 
^  "*  Bevoiutions  of  first  wheel  in  the  same  time ' 

Let  Nj,  N.  denote  the  number  of  revolutions  made  by  first  and 
hut  wheels  in  a  train  in  a  given  time ;  then  : — 

e  =  sp  ;  or,  Nf  =  e  Nj.     .     .     .  .  (Ill) 

*  In  the  Elementary  Manual  on  Applied  Mechanics^  we  denoted  the 
drivers  of  a  train  of  wheels  bv  Di,  Df,  Dg,  &c.,  and  the  followers  by 
F],  Fs,  Fs,  &o.  (see  Lecture  Xli.  of  the  same).  Students  may  adopt  either 
method  of  notation. 


VELOCITY-RATIO  OF  A  TRAIN   OF  WHEELS. 
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The  figure  shows  a  train  of  wheels,  A,  B,  C,  D,  E,  and  F, 
whereof  A  may  be  called  the  first  wheel,  or  driver,  and  F  the  last 
wheel,  or  follower.  On  each  of  the  intermediate  shafts,  BO,  D  E, 
there  are  two  wheels  of  different  sizes,  the  smaller  wheel  of  each 
shaft  gearing  with  the  larger  one  on  the  following  shaft.  From 
what  has  been  said  at  the  beginning  of  this  Lecture,  we  may  con- 
sider each  of  the  pairs  of  wheels,  A,  B ;  0,  D ;  and  E,  F,  as 
driver  and  follower  with  respect  to  each  other.  The  first  and 
last  shafts,  A  and  F,  each  carry  one  wheel  only. 

Let  Nj,  Nj,  Ng,  N^  denote  the  speeds  or  number  of  revolutions 


Velocity- Ratio  of  a  T&ain  of  Wuesls. 


per  minute  of  the  first,  second,  third,  and  fourth  shafts  i^spec- 
tively : — 

N„       A      No       0       N.        E 
Then, 


Ng  _  A.      N^  _  C^ 
Nj  "  B  ^  Ng  "  D  ' 


N 


8 


F* 


Multiplying  together  the  corresponding  sides  of  these   three 
equations,  we  get : — 

No  Ng 


•  • 


t,e,. 


?4« 

Ns 

A 
"B 

0 
^   D 

X 

E 
F' 

N4 

A  X 

0    X 

E 

Ni- 

B  X 

D  X 

F 

• 

[)  e  = 

A  X 

C     X 

E 

•    •    •    • 

(IV) 
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This  is  true,  however  many  wheels  are  in  the  train,  and  thu» 
▼e  have  the  following  rule : — 

( Prodact  of  radii,  diameters,  or  nomber 

Valne  of  a  Train  -I     of  teeth  of  aU  the  drivers ^ 

Prodact  of  radii,  diameters,  or  number 
of  teeth  of  all  the  followers 


{ 


Example  I. — The  table  of  a  planing  machine  has  to  be  moved 
backward  and  forward  at  the  rate  of  12  feet  per  minute  by  a  rack 
and  pinion  arrangement  underneath  it.  The  gearing  consists  of 
three  shafts;  the  first  carrying  the  pinion  which  gears  with  the 
rack;  the  last  carrying  the  pulley  on  which  a  belt  works.  The 
pinion  gearing  with  the  rack  has  12  teeth  of  1^  inches  pitch.  On 
the  same  shaft  as  this  pinion  is  a  wheel  of  40  teeth.  This  wheel 
gears  with  a  pinion  of  15  teeth  on  the  second  shaft.  A  wheel 
of  30  teeth  on  this  shaft  gears  with  a  pinion  of  12  teeth  on  the- 
last  shaft.  Find  the  number  of  revolutions  of  the  last  shaft  per 
minute. 

Answer. — Let  A,  B,  0,  D  denote  the  numbers  of  teeth  on  the 
wheels  gearing  together,  where  : — 

A  =  40,  B  =  15,  C  =  30,  D  =  12, 

A  X  0        40  X  30        20 


Then,  e  = 


B  X  D        15  X  12         3 


Since  the  pitch  of  the  teeth  on  i^ck  and  pinion  is  1^  inch,  and 
the  speed  of  the  rack  is  12  feet  per  minute  : — 

.'.  Revolutions  of  first )       Speed  of  table 

shaft  per  minute   )  ^  Circumference  of  pinion  ' 


»  w 


_^  12  X   12  incites  per  minute 
12  X  1^  inches  * 

-li-93 

»  »  ""   5    ~     '^' 

/.  Revolutions  of  last )         ^.^        20      ^^      ^. 
shaft  per  minute  f  =  «  ^a  =  y  x  9f  =  64. 

Intermediate  or  Idle  Wheel — Sometimes  a  wheel  carried  on  a 
separate  axle  is  interi)osed  between  two  other  wheels,  or  introduced 
into  a  train  of  wheels,  for  the  purpose  of  changing  tlie  relative 
directions  of  rotations  of  the  first  and  last  wheel.  Such  an  inter- 
mediate wheel  is  called  an  idle  wheel,  because  it  does  not  affect  the 
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numerical  yalne  of  the  train,  but  only  its  sign.  That  an  idle 
-wheel  has  the  effect  just  stated  may  easily  be  proved  by  considering 
the  velocity-ratio  of  a  pair  of  wheels  connected  through  an  inter- 
mediate one. 

Instances  of  the  nse  of  idle  wheels  are  very  common  in  geanng, 
but  the  two  following  will  serve  as  examples  : — 

I.  Marlborough  Wheel — When  two  parallel  shafts,  A  and  0, 
are  so  close  together  that  they  cannot  be  conveniently  connected 
in  the  ordinary  way,  a  broad  wheel,  B,  called  a  Marlborough  wheel, 
may  be  intixxluced  as  shown.  This  wheel  has  the  effect  of  causing 
the  shafts,  A  and  0,  to  rotate  in  the  same  direction,  but  in  no 
way  does  it  affect  the  velocity-ratio  which  would  be  obtained  by 
the  direct  gearing  of  the  wheels  A  and  0.  There  are  other 
methods  whereby  the  same  object  could  be  attained  as  with  a 


Mablborouoh  Whkkl. 

Marlborough  wheel  arrangement ;  but  with  these  we  are  not  at 
present  concerned. 

11.  Change  Wheels  for  Screw  Catting  Lathes.*  —  In  screw 
•cutting  lathes,  a  train  of  wheels,  called  change  wheels,  is  inter- 
posed between  the  back  end  of  the  lathe  spindle  and  the  leading 
screw,  for  the  purpose  of  transferring  motion  to  the  saddle,  and 
determining  that  the  cutting  tool  shall  be  moved  through  a 
•definite  pitch  for  each  rotation  of  the  cylinder  to  be  turned  or 
screwed.  Every  turn  of  the  leading  screw  moves  the  saddle  and 
<:utting  tool  through  a  distance  equal  to  its  pitch,  and,  conse- 
quently, if  the  bar  to  be  screwed  turn  at  the  same  rate  as  the 
leading  screw,  the  pitch  of  the  screw  cut  upon  it  will  be  the  same 
as  that  of  the  leading  screw.  If  it  move  faster  than  the  leading 
screw,  the  pitch  will  be  less;  and  if  slower,  the  pitch  will  be 
correspondingly  greater.      It  therefore  follows   as  a  matter  of 

*  See  the  author's  Manual  on  Applied  Mechanics,  Lecture  XVL,  for 
4eecription,  &c.,  of  a  screw  cutting  lathe. 


2U  LECTURE  XL 

course,  that  if  we  fit  wheels  on  the  lathe  spindle  and  on  the 
leading  screw  of  the  same  diameter,  or  having  the  same  number 
of  teeth,  the  screw  being  cut  will  have  the  same  pitch  as  the  lead- 
ing screw.  If  we  fix  a  small  pinion,  or  one  with  few  teeth,  on  the 
lathe  spindle  and  a  wheel  of  large  diameter,  or  many  teeth,  on  the 
leading  screw,  the  pitch  of  the  screw  to  be  cut  will  be  small,  com* 
pared  with  that  of  the  leading  screw.  The  leading  screw  is  generally 
right-handed,  in  which  case  the  screw  to  be  cut  will  be  right-handed 
or  left-handed,  according  as  its  direction  of  rotation  is  the  same  as, 
or  difierent  from,  that  of  the  leading  screw.  In  the  former  case, 
there  must  be  at  least  one  intermediate  axis  between  the  lathe 
mandril  and  the  leading  screw.  If  the  wheels  on  the  lathe  man- 
dril and  on  the  end  of  the  leading  screw  are  of  the  proper  size  for 
the  necessary  velocity-ratio,  then  the  intermediate  axis  must  carry 
an  idle  wheel.  Sometimes  the  wheels  required  to  give  the  proper 
velocity-ratio  and  relative  direction  of  rotation  cannot  be  correctly 
adjusted  without  the  interposition  of  more  wheels  in  the  train^ 
when  it  may  be  necessary  to  introduce  one  or  more  idle  wheels. 

Let  pc  =  Pitch  of  screw  to  be  cut,  in  inches. 
9,  p^  =  Pitch  of  parent  or  leading  screw,  in  inches. 
„      6  =3  Efiect  or  value  of  train  of  change  wheels. 

Then, 

Fitch  of  screw  to  be  cut  _  Speed  o/ leading  screw 
Pitch  of  leading  screw        Speed  of  lathe  mandril ' 

^  =  « (V) 

The  problem,  then,  consists  in  finding  a  train  of  wheels  which 
shall  have  its  value,  «  =  —  . 

Pi 

Example  II. — The  leading  screw  of  a  lathe  is  ^  inch  pitch  and 
right-handed.  The  set  of  change  wheels  belonging  to  the  lathe 
consists  of  the  following :— 20,  25,  30,  35,  40,  45,  60,  60,  70,  80, 
90,  100,  110,  and  120  teeth  respectively.  Devise  suitable  trains 
to  cut  (1)  a  right-handed  screw  of  8  threads  to  the  inch,  and  (2)  a 
left-handed  screw  of  1 2  threads  to  the  inch. 

Answer. — (1)  The  number  of  threads  on  the  screw  to  be  cut 
being  8  per  inch,  its  pitch  is,  therefore,  p^  ==  ^  inch. 

Hence,  a-&  =  i  =  i. 
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Both  screws  being  right-handed,  they  must  rotate  in  the  same 
direction.  Hence  the  train  of  change  wheels  must  have  an  odd 
number  of  axes.     Let  there  be  three  axes  in  the  train. 

(a)  The  sizes  of  the  first  and  last  wheels  in  the  train  may  be 
such  that  the  required  velocity-ratio  could  be  obtained  by  those 
wheels  in  direct  gear.  In  this  case  the  intermediate  axis  must 
carry  an  idle  wheel  of  any  convenient  size,  such  as  B,  in  the  left- 
hand  figure. 


A 


e-i- 


20 
80' 


25 
^'"^  "  100'  ''''' 


80 
120* 


(b)  The  sizes  of  the  first  and  last  wheels  need  not  be  such  as 


Chanob  Whskls  roB  Cuttino  a  Bioht-handbd  Screw. 

give  the  required  velocity-ratio  by  their  direct  gear.  In  this  case 
the  intermediate  axis  must  carry  two  wheels  of  different  sizes  as  in 
the  right-hand  figure. 

The  following  train  will  answer  the  purpose : — 


A  X  C 
B  X  L 


-(?-i 


25  X  40 
50  X  80' 


(2)  The  screw  to  be  cut  being  left-handed,  the  leading  screw 
must  rotate  in  the  opposite  direction  from  that  of  the  lathe  man- 
dril; hence  the  train  must  consist  of  an  even  number  of  axes. 
Let  there  be^^mr  axes  in  the  train. 

(a)  Let  A  and  L  be  of  such  sizes  that  they  would  transmit  the 
proper  velocity-ratio  if  geared  directly.  Then  the  two  inter- 
mediate axes  must  each  carry  an  idle  wheel  as  in  the  lefb-hand 
figure. 
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Here^ 


•  ■ 
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Pi         i 

-i 

^^  =  i  = 

20 
120 

(6)  The  wheels  A  and  L,  not  being  of  the  above  sizes,  we  may 
arrange  the  train  so  that  one  of  the  intermediate  axes  carries  an 
idle  wheel,  or  that  there  are  no  idle  wheels  in  the  train.     These 


ANY 


Change  Wheels  fob  Cuttino  a  LiSFt-handed  Screw. 

arrangements  are  shown  by  the  middle  and  right-hand  figures. 
The  trains  may  be  as  follows  : — 


With  one  idle  wheel,       « — t- 

'         i5   X  Jj 


6   =    i   = 


20  X  35 
60  X  70' 


/^    «r*u         .11       ,      ,    A  X  C  X  E  -         20  X  25  X  30 

Or,  With  no  Idle  wheel,  b.DxL  =  ^  =  *  ^  40  x  45  x  50 ' 

Force-Ratio  and  Power  Transmitted  by  Gearing. — For  certain 
purposes,  as  in  hoisting  and  similar  machinery,  a  small  effort,  P, 
moving  through  a  comparatively  great  distance,  may  be  utilised  in 
overcoming  a  much  greater  effort  or  resistance,  W,  through  a 
much  smaller  distance.  For  other  purposes,  where  speed  is  the 
ultimate  desideratum,  the  converse  of  the  above  would  be  adopted; 
i.6.,  a  large  effort,  P,  moving  slowly,  overcomes  a  smaller  resist- 
ance, W,  moving  rapidly.  In  any  case,  it  is  evident  from  the 
Principle  of  Work^  that  what  is  lost  or  gained  in  speed  is  gained 
or  lost  in  the  resistance  overcome.  To  modify  the  effort  during 
its   transmission  to  the  working  point,  suitable  mechanism  has 
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to  be  employed.  Several  forms  of  mechaiUBm  for  this  purpose 
bave  been  considered  in  previous  Lectures;  consequently,  we 
proceed  at  once  to  express  the  force-ratio  obtained  by  a  train 
of  wheels. 

Let  the  efifort,  P,  be  applied  by  hand  or  by  an  engine  to  the 
end  of  a  lever  or  crank  rigidly  fixed  to  the  first  axle  or  shaft  at  A, 
while  the  resistance  to  be  overcome  is  applied  at  the  circumference 
of  a  drum  or  pulley  keyed  to  the  loit  axle  or  shaft,  F,  in  the 
following  train  of  wheels : — 

Let  Pj,  Pg,  Pg  B  Tangential  pressures  at  points  of  contact  of 

wheels  in  gear, 

^a,  ^.  <^<  =  Radii  of  wheels  denoted  by  the  capitals  of 

these  suffix  letters, 

B  =  Length  of  lever  handle  or  crank, 

r  =  Eadius  of  drum  or  pulley, 

e  =  Value  of  train. 


9) 


>J 


19 


OfMP£S 


PowsR  Transhittsd  bt  Geabino. 

Then,  by  the  Principle  of  MomenUj  we  get : — 

P  X  R  =  Pj  X  ra .    .     .     . 
P,  X  rj  =  Pg  X  r^  .    .     .     . 


Pj  X  rd  =  P3  X  r, 
P3  X  r/  =  W  X  r 


(1) 
(2) 
(3) 
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Multiplying  together  the  corresponding  members  of  these  equa- 
tions, and  cancelling  the  terms  P^  Pg,  and  P3,  we  get : — 

P  X  R  X  rj  X  r^f  X  r/  =  W  X  r  X  r^  X  r<j  X  r^ . 


P_      r   /^g  ^  r,  X  r,y 
W  '  R  Vr,  X  r^  X  r^; 


But,  0  =  

n  ^  Td  y^  rf 


=  -S"  X   g . 


W        R 


(VI) 


The  results  expressed  in  equation  (YI)  may  be  more  easily 
arrived  at  in  the  following  way  : — 

By  the  Principle  of  Work  (neglecting  friction,  <fec.),  we  get : — 

P  X  ito  diapktcemerU  =  W  x  its  diaplcbc&ment, 

P    •    Ws  displacement  in  a  given  time 
'  W  ""  P's  displacement  in  the  same  time* 

P^  _  Velocity  of  W  _  2  at  r  x^N.^ 
Hence,  ^  -  Ydocity  of  P"  "  2  t  R  x  N^  * 

Equations  (1),  (2),  (3),  and  (4)  may  be  used  in  finding  the 
tangential  resistances  P^,  P2,  P3. 

Neglecting  friction,  the  |K)wer  transmitted  at  any  stage  of  the 
transmission  is  constant.  Thus,  the  power  transmitted  from  the 
second  to  the  third  shaft  is  the  same  as  that  done  at  the  driving 
or  working  ends. 

Let  H.P.  =s  Horse  power  transmitted, 

„  P  =s  Tangential  pressui-e  in  lbs.   at  pitch  surface  of 

any  given  wheel  in  the  train, 

„         V  «  Velocity  in  feet  per  minute  at  the  pitch  surface 
of  the  given  wheel. 

Then,  clearly,  ^•^' °  ^^ <^^^> 
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EXANPLB  III. — The  hantlles  of  a  double-porchaM  lifting  enb 
are  16  incheB  long.  The  pinions  have  14  and  SO  taeth  respeo- 
tjvely,  and  the  vheals  gearing  with  these  have  S4  and  100  teeth 
respectively.  The  diameter  of  the  barrel  is  12  inches,  thickness 
of  rope  1  inch.  Find  the  effort,  P,  necessary  to  raise  a  load  of 
30  c«tB.,  friction  being  neglected.  If  the  diatntter  of  the  pinion 
on  the  first  motion  shaft  he  6  inches,  find  the  pressure  between 
the  teeth  of  each  pair  of  wheels  in  gear. 


DOTTBLt-PUBOHASS  WlNCH   QK  CrAB, 

Ambwbr. — The  accoropanjing  figure  shows  a  general  view  of  a 
double-purchase  lifting  crab.  For  sketches  and  description  of 
similar  lifting  machinery  we  must  refer  the  student  bo  the  author's 
Manual  on  Applied  Meehanics,  Lecture  XIII. 

Here  R  =  16  inches,  r  —  radius  of  barrel  +  }  thickness  of 
rope  =  6^  inches. 


Value  of  tiain  = 


'  U  X  100  "  W* 
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Or, 


%,e.. 


30  X  112  "  16"   ""  30  ' 
P  =  45-5  lbs. 


Since  there  are  two  handles,  the  effort  exerted  on  each  will  be:- 

i^  ^  2275  lbs. 

JN'exti  to  find  the  pressure  between  the  teeth  of  the  wheels. 


^"fi  ^ 'p 


Diagram  ot  Wheel-wokx  of  a  Double-porghasb  Crab 
TO  Illustrate  Example  III. 

Xiet  P^,  P2  »  Pressures  between  the  first  and  second  pinions 

and  their  followers  respectively. 

Then,     Pj  x  radius  of  pinion  A  =  P  x  R. 

Pjx  3  =  45-5  X  16. 

Pi  =  243  lbs. 

Also,       P2  X  radius  of  pinion  C  =  P^  x  radius  of  wheel  B. 

_        p      radius  of  wheel  B 

^         ^     radius  of  pinion  C  • 
p   _  p      number  of  teeth  on  B 
^  "~     ^     number  of  teeth  on  C  • 

Pj  =  243  X  1^  =  1,019  lbs. 


•  • 


Or, 


■».&, 


POWER  TRANSMITTED   BY  TOOTHED  GEARING, 
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From  these  results  we  notice  that  the  wheels  should  be  made 
stronger  as  they  approach  the  barrel  shaft. 

Example  IV.  —  A  water-wheel  making  two  revolutions  per 
minute  is  provided  with  an  internal  toothed  wheel  oif  24  feet 
diameter  at  the  pitch  circle.  This  wheel  gears  with  a  train  of 
wheels,  thus  : — Pinions  of  8,  6,  4,  and  2  feet  diameter,  and  wheels 
of  12,  10,  and  8  feet  diameter.     The  last  shaft  in  the  train  carrie» 


ite  . 


iiiiiiiiiii 


To  Illustrate  Example  IV. 

Power  Transmitted  from  a  Watbr- Wheel  bt  Toothbd- 

Gearino  and  Ropes. 


a  rope  pulley  of  8  feet  diameter.  If  40  horse-power  be  trans- 
mitted, find  the  total  driving  tension  in  the  ro})es  and  the  pressure 
between  the  teeth  of  each  pair  of  wheels  in  the  toothed  gearing. 

Answer. — The  arrangement  is  shown  by   the  accompanying 
sketch. 


•  • 
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The  value  of  the  train  is  : — 

24  X  12  X  10  X  8       ^^ 
8x6x4x2 

22 
„  =  -=-  X  8  X  2  X  60  ft.  per  minute. 

Let  T  s>  Driving  tension  in  ropes  in  lbs. 

TV 
Then,  H.P.  =  gpgg, 

_      40  X  33,000         ^«„  ^  ,^ 
T  =  ^2 «=  ^7-5  Iba. 

y  X  8  X  2  X  60 

Let  Pj,  Fj,  &c,j  denote  the  tangential  pressures  at  the  pitch 
circles  of  the  various  pairs  of  wheels  in  gear. 

Let  ra,  r^^  <fec,  denote  the  radii  of  wheels,  A,  B,  (fee.,  I'espec- 
tively. 

Then,  since  the  power  developed  at  pitch  circle  of  wheel  A,  is 
«qual  to  the  power  transmitted  by  ropes  on  pulley  K,  we  get : — 

P^  X  Cvtcurr^erential  speed  of  A  =  T  x  Circumferential  speed  ofK, 

P^  X  2  AT  ra  Ni  =  T  X  2  AT  r*  Ni  . 

Pi  =  Tx^xe. 

Or,  Pi  =  437  -5  x  ^^  x  60  =  8,750  lbs. 

Next,  Pj  X  re  =  Pj  X  n  . 

Pg  =  8,750  X  -|  =  6,833-3  Iba 


•  • 


But,  Pg  X  re  =  P2  X  rd . 


•  • 


Ps  =  5,833-3  X  I  =  3,600  lbs. 


Lastly,  ^4  ^  *>  =  ^s^Vf  , 


P4  =  3,600  X  I  =  1,750  lbs. 
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1.  Define  the  followiog  terms  as  applied  to  gearing: — Pitch  snrfaoe, 
pitch  circle,  and  pitch  point.  Illustrate  your  answers  by  reference  (1)  to  a 
spur  wheel,  (2)  to  a  bevel  wheel,  and  (3)  to  a  rack. 

2.  Define  angular  velocity,  (liven  the  ancular  velocity  of  a  body  about 
a  given  axis,  show  how  you  would  find  the  linear  velocity  of  any  point  in 
the  body. 

3.  Define  the  pitch  circle  of  a  toothed  wheel.  Prove  that  when  two 
wheels,  whose  axes  are  parallel,  gear  together,  their  angular  velocities  are 
inversely  as  the  diameters  of  their  pitch  circles.  Two  parallel  shafts  are 
at  a  distance  of  4^  feet,  and  they  are  to  rotate  with  velocities  as  the  num- 
bers 7  and  11  respectively.  Determine  the  diameters  of  the  pitch  circles  of 
a  pair  of  wheels  which  would  give  the  required  motion.   Ans.^  ft.  and  3^  ft. 

4.  Dedne  the  term  train  of  wheels,  and  explain  how  to  find  the  value  of 
a  given  train.  Arrange  trains  of  wheels  for  the  following  values  of  «,  no 
pinion  to  have  less  than  12  teeth,  and  no  wheel  to  have  more  than  120: — 
2,000     1,200    880     35^      490       240 

^40'    490  '    35  *  880'  i;200*  2,0C0* 

5.  What  are  mitre  and  idle  wheels,  and  for  what  purposes  are  they  used? 
Give  instances  of  the  use  of  both. 

6.  Explain,  by  aid  of  a  sketch,  the  use  of  a  Marlborough  wheel.  A  shaft 
is  divided  into  two  parts,  the  parts  being  still  in  line.  iSketch  an  arrange- 
ment of  wheels  whereby  one  part  of  the  shaft  may  drive  the  other  at  twice 
the  speed  of  the  first. 

7.  Describe  the  operation  of  cutting  a  screw  in  a  lathe,  showing  the 
wheels  required,  and  how  they  are  placed  to  cut  a  right-handed  screw  with 
8  threads  to  the  inch  in  a  lathe  whose  leading  screw  is  of  \  inch  oitch. 

8.  Explain  the  use 'of  change  wheels  in  a  screw-cutting  lathe.  It  is 
desired  to  cut  a  screw  of  {  inch  pitch  in  a  lathe  with  a  leading  screw  of 
4  threads  to  the  inch,  usinff  4  wheels.  If  both  screws  be  right-handed, 
what  wheels  would  you  employ?    (S.  &  A.  Adv.  Exam.,  1887.) 

9.  The  leading  screw  in  a  self-acting  lathe  has  a  pitch  of  ^  inch,  show  an 
arrangement  of  change  wheels  for  cuttiuff  a  screw  of  j  inch  pitch. 

10.  You  are  required  to  cut  a  left-handed  screw  of  5  threads  to  the  inch 
in  a  lathe  fitted  with  a  right-handed  guide-screw  of  ^  inch  pitch.  Show 
clearly  by  the  aid  of  sketches  the  change- wheels  which  you  would  employ 
for  the  purpose,  indicating  how  they  would  be  respectively  carried,  and  the 
number  of  teeth  in  each  wheel.     (S.  k  A.  Exam.,  1891.) 

11.  The  leading  screw  of  a  lathe  is  ^  inch  pitch  and  right-handed.  The 
set  of  change  wheels  belonging  to  the  lathe  consists  of  the  following : — 
20,  25,  30,  35,  40,  45,  50,  60,  70,  80,  90,  100,  110,  and  120  teeth,  from 
these  devise  suitable  trains  to  cut  the  following  screws  and  draw  up  a  table 
of  your  results :— 4,  44,  5,  5^,  6,  6^,  7,  8,  9,  10,  12,  14,  and  16  threads 
per  inch. 

12.  A  wheel  of  40  teeth  is  driven  by  a  winch  handle  14  inches  lonff,  and 
gears  with  a  rack  having  teeth  of  1  inch  pitch  ;  apply  the  principle  of  work 
to  find  the  driving  pressure  exerted  on  the  rack  when  a  force  of  50  lbs.  is 
applied  at  the  end  of  the  winch  handle.     ^n«.  110  lbs. 

13.  Sketch,  in  side  elevation,  the  wheelwork  of  an  ordinary  5-ton  lifting 
crane.  In  doing  so,  it  will  be  sufficient  to  represent  the  wheels  by  their 
pitch  circles.     If  the  weight  raised  moves  through  1  inch  when  the  driving 
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handle  moves  through  40  incheB,  fiod  the  weight  which  oonld  be  raised  by 
60  lbs.  applied  at  the  end  of  the  lever  handle.    Ans.  2,400  Ibe. 

14.  In  a  model  of  a  lifting  crab,  the  oircamference  of  the  circle  described 
by  the  end  of  the  winch  handle  is  43  inches,  and  the  circumference  of  the 
drum  which  raises  the  weight  is  14*9  inches.  The  wheelwork  gives  an 
advantage  of  8  to  1,  and  it  is  found  by  trial  that  a  force  of  3*1  lbs.  on  the 
winch  handle  just  suflSces  to  raise  a  weight  of  56  lbs.  hanging  on  a  cord 
wound  upon  the  drum.  What  proportion  of  the  jiower  exert^  is  lost  in 
this  model?    Ans,  21  *76  per  cent. 

15.  Sketch  two  views  of  a  treble-purchase  lifting  crab.  In  doing  so  it 
will  be  sufficient  to  represent  the  wheels  in  side  elevation  by  their  pitch 
circles.  Apply  the  Prineiple  of  Work,  or  the  Principle  of  Moments  to- 
determine  tne  force-ratio,  P  :  W,  and  the  pressure  between  the  teeth  of 
each  pair  of  wheels  in  gear.  Ex,  In  a  treble-purchase  lifting  crab  the 
handles  are  16  inches  long;  diameter  of  drum  16  inches,  thickness  of  rope 
2^  inches.  The  wheelwork  consists  of  the  following :— Pinions  6,  6,  and  8> 
inches  diameter;  wheels  24,  30,  and  36  inches  diameter.  Supposiug  two- 
men  to  work  at  each  handle,  each  man  exerting  a  force  of  30  Ids.,  find  the 
weii^ht  which  could  be  raised,  and  the  pressure  between  the  teeth  of 
each  pair  of  wheels  in  gear.  Allowing  .30  per  cent,  for  friction,  find  the 
actual  weight  which  could  be  raised  by  the  four  men.  Aru.  (1)  8*34  tons 
nearly,  6l0  lbs.,  2,560  lbs.,  9,600  lbs. ;  (2)  5*84  tons  nearly. 

16.  A  water-wheel  making  two  and  a-half  revolutions  per  minute  is  pro- 
vided with  an  internal  toothed  wheel  of  20  feet  diameter  at  the  pitch  circle. 
This  wheel  gears  with  a  train  of  wheels,  thus :~  Pinions  of  6,  4,  and  2  feet 
in  diameter,  and  wheels  of  10  and  9  feet  in  diameter  respectively.  On 
the  last  shaft  a  pulley  10  feet  in  diameter  is  keyed,  on  the  rim  of  which 
there  are  four  ropes.  The  horse-power  transmitted  by  the  ropes  is  20. 
You  are  required  to  find  the  pull  on  each  rope,  the  pressure  between  the 
teeth  of  each  pair  of  wheels  gearing  together,  and  the  revolutions  per 
minute  made  by  the  polley.  Ans,  56 lbs.,  4,200  Ibg.,  2;520  Ibe.,  1,120  Ibs.^ 
93*75  revolutiom. 

17.  Describe,  with  the  aid  of  sketches,  the  construction  and  use  of  the 
quadrant  for  carrying  the  change  wheels  of  the  screw  cutting  lathe,*  and 
explain  the  manner  in  which  change  wheels  are  employed  in  cutting  screw 
threads  of  different  pitches  in  the  same  lathe.  W  hat  are  the  sources  of 
inaccuracy  in  the  screw  threads  so  produced  ?  \>  hat  number  of  wheels 
would  yon  employ,  how  would  they  be  arranged,  and  how  many  teeth 
would  each  wheel  have  in  order  to  cut  upon  a  bolt  a  left-handea  screw 
thread  of  jf  inch  pitch,  on  a  lathe  whose  leading  screw  is  right-handed  and 
has  two  threads  to  the  inch  ?  In  which  direction  would  the  saddle  of  the 
lathe  travel  when  cutting  a  left*  hand  screw  thread  in  the  lathe  above 
named?    (S.  k  A.  Adv.  ^m.,  1896.) 

18.  Make  a  sketch  showing  two  pieces  which  move  about  fixed  parallel 
axes  in  rubbing  contact.  Given  the  angular  velocity  of  one  of  them,  find 
that  of  the  other,  also  the  normal  velocity  and  the  velocity  of  sliding  at  the 
point  of  contact.    (S.  &  A.  Hons.  Exam.,  1897.) 

*  See  Lecture  XVI.  Prof.  Jsxnieson'i  Elementary  ManuaionApplUd  Medumiet  for  full 
description  and  flcfUVM  of  a  screw  catting  lathe. 
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LECTURE  XIL 

COSTWTS. — Friotioo  Ge&riiig — Power  Traiuniitted  by  Ordinary  Friction 
Getkring— Exampiea  I.  sad  IL— Bobertoon's  FrictioD  or  Wedge  Gear- 
ing—Power  Tranimitted  by  Wedge  Gearing — Qnestioni. 

Friction  Qeaiing.^Eriction  F^earing  is  that  form  of  gearing 
'wherein  the  wheels  in  contact  are  driven,  the  one  by  the  otlier, 
by  reason  of  the  friction  between  their  pitch  Burfaces,  The  wheels 
require  to  be  pressed  together  in  a  direction  normal  to  their  pitch 
surfaces  at  the  line  of  contact,  with  a  force  Bufficieut  to  give  & 
frictional  resistance  greater  than  the  ta.ngeatial  resistance  to 
motion.  The  wheels  iiiaj  be  spur  or  bevel,  according  as  the  shafts 
are  jiumllel  or  intersecting. 

In  oi-der  to  insure  sutticient  frictional  resistance  and  smooth 
working,  it  is  nanal  to  face  one  wheel  of  the  pair  with  some 
compressible  material,  such  as  wood,  leatlier,  india-rubber,  com- 
pressed paper,  &c.  When  slipping  takes  place  between  the  wheels, 
"flats"  are  soon  formed  on  the  face  of  the/oUower  (this  being  tho 
wheel  which  lags  behind  the  other),  while  the  face  of  the  driver 
gets  equally  worn  all  round.  For  this  reason  the  driver,  and  not 
the  follower,  iii  &ced  with  the  softer  material. 

The  usual  forms  of  rims  suitable  for  spur  and  bevel  friction 
wheels  are  shown  by  the  accompanying  figures. 


Sbction  of  Sfub  Fkiotioh  Wh&sl. 


SKCnoN  or  Bevsl  Frictiov  Wheil. 
n  of  the  driver  is  &ced  with  wood  or  leather,  the  different 
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layers  of  which  hi^  nailed  or  glned  t(^etik«r  and  then  bald  in 
position  by  bolts  its  shown.  When  wood  ia  used  the  grain  should 
lie  in  a  direction  tangential  to  the  workiDg  sur&ces,  the  wear  being 


then  more  uniform  all  over.  The  rim  of  the  follower  ia  of  cast 
iron  turned  in  a  lathe. 

Friction  gearing  of  thia  kind  ia  more  employed  in  America  than 
in  this  country,  being  oft«n  applied  for  driving  aaw-milla,  Sec. 

Power  Tranemitted  by  Ordinal;  Friction  Qeailng.~-We  shall 
now  proceed  to  calculate  the  necessary  pressure  to  be  applied  to 
the  wheels  in  order  to  transmit  a  given  power. 

(1)  Bi/  Spur  Friction  Gearing. 

Let  F  =  Preseure  between  wheels  at  pitch  line  in  pounda. 

„    T  ■■  Tangential  reaistance  at  pitch  line  in  pounds. 

„  Y  =  Circuniferential  velocity  of  wheels  in  ^^wtjMrmnufe. 

„    jU  —  Coefficient  of  friction  for  sarfaoes  in  oontact 

Then,     Work  IranvmUed  =-  T  T  ft-lhi.  per  minnte. 
TV 

^■-mn » 
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If  there  is  to  be  no  slipping,  we  must  have  :— 

T 


Or, 

But, 


P^- 

^  f^ 


H.R  X  33,000 
V 

H.P.  X  33,000 

1^ 


(11) 


Equation  (II)  gives  the  least  pressure  between  the  wheels  in 

order  to  transmit  a  given  power. 

The  pressure,  P,  should  always  ^  ^ 

H.P.  X  33,000  ^ 

be   greater  than   ^ 

so  as  to  pn>vide  against  contin- 
gencies, such  as  oil  or  water  get- 
ting on  to  the  surfaces  of  the 
wheels.  If  P  be  less  than  this, 
then  slipping  must  take  place.  >^ 

T 


^_ --s— « 


///////// 


iiiimiiiiiiiii 


-^VvxXS 


■ 


Spur  Frictiox  Gearing. 


Bbvel  FRionoy  Wheels. 


(2)  By  Bevel  Friction  Gearing. 

Let  P^,  P2  —  Thrusts  along  shafls  1  and  2  i-espectively. 

e/^,  d^  =  Mean  diameters  of  wheels  1  and  2  respectively. 
.  K  s  Normal  reaction  between  pitch  cones. 

T  «  Tangential  resistance  at  pitch  line. 
2  a  =s  Angle  of  pitoh  cone  1. 

Then,  90**  -  a  =  Half-angle  of  pitch  cone  2. 


>> 


}) 
>} 
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Since  the  pressures  along  the  axes  of  the  nhafts  are  P^  and  P^ 
it  follows  that  these  are  also  the  pressures  at  the  pitch  line,  and  act 
as  indicated  by  the  figure. 

The  normal  pressure  between  the  surfaces  is  : — 

Pi  =  R  cos  (90*  -  a)  -  R  sin  a. 
Or,  Pjsa  R  006  a. 

But,  tana-ij  =  ^. 

tan  a  d, 

sin  « * 


Andy  COS  a  B 


1  d, 

s/l  +  tan'a       ^d^  +  c^* 


R  =  P  V^  +  ^ 

Or,  R-P^V^  +  g, 

But,  T  =  ^R 

T 
Or,  R^-. 

A   J      u^      m      H.P.  X  33,000 
And,  as  before,  T  «■ = — . 

-, H.P.  X  33,000 

^^ }rv — • 

^  ^,    ^  _H.P.  38,000      _A__ 

Consequently,?,;^       ^^        -  ;^T^     ....     (m) 

\nd  p^H,P,M,000  </s  ,.^^ 

Equations  (III)  and  (IV)  determine  the  least  values  of  the 
axial  thrusts  in  order  to  insure  sufficient  frictional  resistance  for 
transmitting  a  given  power; 

The  following  values  of  jn,  may  be  taken  *: 

For  metal  on  metal,  .  ai  »  -15  to  *20. 

For  wood  on  metal,  .         .         .        /*  «  -25  to  -301 

For  millboard  on  metal,  .        .        .        ^  =  -20. 

•  Unwiu*«  Machint  Daign,  part  L,  p.  283. 
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Taking  tbe  gi*eateBt  and  least  of  the  above  values  for  ytc,  we  see 

that  in  spur  friction  gearing,  the  smallest  valae  of  P  must  lie 

T  T 

between  -^  and  ^r?,  t.e.,  between  3 J-  T  and  6^  T. 

In  practice,  the  width  of  the  face  of  friction  wheels  is  about  the 
same  as  that  of  a  single  leather  belt  which  is  required  to  transmit 
the  same  power.  The  tangential  force  may  be  taken  at  from 
15  to  30  lbs.  per  inch  of  width  when  the  face  of  the  driver  is  lined 
with  wood.  In  the  case  of  a  wheel  with  millboard  face,  the 
tangential  force  transmitted  was  observed,  by  Prof.  Unwin,  to  be 
as  great  as  80  lbs.  per  inch  of  width.* 

It  will  be  apparent  that  friction  gearing  of  the  above  kind 
is  unsuited  for  transmitting  great  power.  The  constancy  of 
velocity-ratio  between  the  wheels  cannot  be  relied  upon.  Gearing 
of  this  kind  is  only  used  (1)  when  the  power  to  be  transmitted  is 
small ;  (2)  when  the  speed  is  so  high  that  toothed  gearing  would 
be  noisy ;  (3)  when  the  wheels  require  to  be  frequently  put  into 
or  out  of  gear,  t 

Example  I. — In  a  spur  friction  gearing  the  driving  wheel  is 
faced  with  wood,  and  gears  with  a  metal  wheel  3.V  feet  in  diameter. 
The  latter  makes  200  revolutions  per  minute,  and  transmits 
10  H.P.  Find  the  tangential  resistance  at  the  circumferences  of 
the  wheels,  and  the  necessary  thrust  to  be  applied  to  the  bearings 
of  the  shafts,  taking  fj,  =  *25. 

Answbb. — Using  the  saiue  notation  as  in  the  text,  we  have, 
H.P.  =  10;  Y^^dn  =  ^x  3J  x  200  =  2,200  ft.  per  minute. 

_       H.P.  X  33,000       10  X  33,000       ._  ,, 

•*•  i   =    ^T= ■■  A  n/\/\ —  IDO  108. 


2,200 


«       T       150      ^^^ 
Also,  P  «  —  -  -^T^  =  600  IbB. 

'  tt      -25   . 


Example  XL — 5  H.P.  has  to  be  transmitted  through  a  pair  of 
bevel  friction  wheela  The  diameters  of  the  wheels  are  2  feet  and 
1^  feet  respectively.  The  circumferential  speed  of  the  wheels  ia 
1,000  feet  per  minute.  Find  the  normal  and  tangential  pressurea 
at  the  surface  of  contact  of  the  two  wheels,  and  the  axial  thrasts- 
to  be  a])plied  to  each  shaft,  taking  fi  »  '2. 

Answer. — Here  dj  =  2  ft.,  d^—  l^it^Y  =  1,000  ft.  permin. 
*  Unwin's  Alackme  Jhsign,  p.  284.  t  Ihid,,  p.  281. 
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SimiUvly,  P,  =      ,,,^  ^  ^^^^,  =  M5  lbs. 

BobflrtsoB's  Friction  or  Wedge  Gearing.— One  objection  to  tlie 
friction  gearing  junt  described  is  the  great  pressure  wlxich  is 
bionght  on  tbe  beariogB,  due  to  the  force  with  which  the  wheels 


lUnxKitoii'B  Wbdqk  Gkakimo. 
nqaire  %a  be  presied  together  in  order  to  secure  sufficient  frictional 
remstence  at  their  surfaces.     To  overcome  this  and  the  preTious 
objections  to  the  ordinary  friction  geuing,  the  wheels  are  now 
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made  of  cast  iron  with  |)arallel  wcdge-ebaped  projections  round 
their  rims.  The  projections  of  the  one  wheel  fit  into  the  wedge- 
shaped  grooves  on  the  other;  and  by  this  means  the  friction  is 
greatly  increased. 

Sections  of  the  lims  of  such  wheels  are  shown  by  the  accom- 
panying figures,  and  need  no  further  explanation. 

There  is,  however,  one  serious  objection  to  such  wheels — ^viz., 
the  grinding  action,  and  consequent  excessive  wear,  while  working. 
This  is  due  to  the  sliding  contact  between  the  sides  of  the  pro- 
jections and  those  of  the  grooves.  On  this  account  the  wheels 
sometimes  work  with  great  noise.     This  difficulty  can  be  overcome 


Wkdoe  Gearing. 

to  a  certain  extent  by  making  the  depth  of  the  surfaces  in  contact 
as  small  as  possible. 

The  depth  of  the  acting  surface  (t.«.,  the  distance  which  the 
wheels  penetrate  each  other  when  in  gear)  is  given  by  the 
formula : — 

t  -  0-025  VT.* 

Where  t  is  the  depth  of  acting  surface,  and  T  the  tangential  resist- 
ance between  the  wheels. 

Power  Transmitted  by  Wedge  Gearing.^Consider  the  action 
of  one  of  the  wedge-shaped  projections  in  its  groove.  Wlien  the 
wheels  rotate,  the  action  is  similar  to  that  of  a  wedge  thrust  into 
the  groove  by  a  horizontal  force. 

*  Unwin**  MncHnt  Design,  part  I.,  p.  286. 
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Let  Pj  B=  Horizon  tal  force  on  projection  cousidereil. 
„  B|  SB  Total  normal  reaction  on  each  side  of  groove. 
„   Fj  s  Total  fiiction  between  projection  and  each  side  of  groove. 
„  2a  =B  Angle  of  wedge. 

Then,  Pj  =  2  R^  sin  a  +  2  F^  cos  a. 

But,  Fj  =  /a  Rj. 

Pi  =  2  Rj  (sin  a  +  fi,  cos  a). 

Then,  for  all  the  wedges,  if  P  denote  the  total  force  pushing  the 
wheels  together,  and  R  the  total  reaction,  P  «=  £  Pi»  B»  «  2 .  2  R^, 
and  we  get : — 

P  B   R  (sin  a  +  fjL  cos  a), 

/.    as  before,   T  ^  fiB,, 
Or,  R^-. 

H.P.  X   33,000 


But,  T  = 

R^ 


V 
H.P.  X  33,000 


•  • 


p  —  H.P.  X  33,000    sin  tt  +  Afc  COB  tt  .^. 

^^         V ^i  •    y"' 

Equation  (Y)  determines  the  least  pressure  with  which  the 
wheels  must  be  forced  together  in  order  to  transmit  a  given  power. 

From  this  equation  it  is  seen  that  the  number  of  grooves  or 
projections  has  no  effect  on  the  power  transmitted.  The  number 
of  grooves  may  be  anything  we  please,  but  generally  there  are  no 
fewer  than  two  nor  mora  than  ten.  The  pitch  of  the  grooves  may 
vary  from  \  inch  to  If  inches. 

Usually  the  groove  angle  2  a  is  40*.  Hence,  taking  fi»  --  '15, 
we  get : — 

p sin  a  +  y*  cos  a 


» 


^  sin  20*  +  -15  cos  20* 
^ ^15 


^'342  +  '15  X  '94 

"  ^^  '15  * 

„  ^  3-22  T. 

t.e.,  P  must  be  at  least  31  times  T.     In  practice  we  may  take 
P«  4T. 
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LicTUBB  xn. — QunnoNS. 

1.  Define  friotioa  gearing.  State  the  advantages  and  diBadvantagea  of 
■Qch  a  gearing,  and  mention  nnder  what  circumstancee  it  is  likely  to  be 
employwl  in  preference  to  other  kinds  of  gearing. 

2.  Describe,  with  sketches,  the  construction  of  the  wheels  used  for  friction 
gearing.  State  your  reasons  why,  in  ordinary  friction  gearing,  one  of  the 
wheels  only  is  faced  with  a  softer  material  than  the  other,  and  say  which 
wheel  it  is. 

3.  In  a  spur  friction  rearing,  the  driving  wheel  is  faced  with  wood  and 
l^ean  with  a  metal  wheel  of  2^  feet  in  diameter.  The  circumferential  speed 
IS  2,000  feet  per  minute.  The  force  pressing  the  wheels  together  is  650  lbs. 
Taking  M  =  j,  find  the  maximum  H.r.  which  can  be  transmitted.  Sketch 
the  arrangement,  showing  a  method  of  engaging  and  disengaging  the  wheels. 

Ana.  U-i  H.P. 

4.  The  diameters  of  a  pair  of  bevel  friction  wheels  are  14  feet  and  4  feet 
respectively.  The  larger  wheel  makes  200  revolutions  per  minute,  and 
transmits  10  H.P.  Find  the  normal  and  tangential  pressures  at  the  pitch 
surfaces,  and  the  axial  thrusts  on  each  shaft,  m  =  '25.  Prove  the  formula 
which  you  employ.     Ans,  525  lbs. ;  131*25  lbs. ;  184  lbs. ;  491  lbs. 

5.  Describe,  with  sketches,  Robertson's  wedge  gearing,  and  deduce  a 
formula  for  the  pressure  between  the  wheels  for  a  given  H.P. 
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LECTURE  XIII. 

Contests. — Constancy  of  the  Velocity-Batio  of  Toothed  Gearing— Propor- 
tions of  Teeth  of  Wheels — Clearance — Arc  of  Action — Belation  between 
Length  of  Arc  of  Action  and  Pitch  of  Teeth — Clock  and  Watch  Wheels 
—  Primary  Conditions  for  Correct  Working  of  Toothed  Wheels  — 
Curves  which  satisfy  the  above  Conditions  —  Particular  Cases  — 
(I.)  When  the  Cycloid  is  a  Straight  Line — (IL)When  the  Epicycloid 
is  the  Livolnte  of  the  Base  Circle — (III.)  When  the  Hypocycloid  is  a 
Straight  Line — (IV.)  When  the  Hypocycloid  is  a  Point— Cycloidal 
Teeth^jee*s  Patent  Toothed  Gearing — Exact  Method  of  Drawing  the 
Cur^'e8  for  Cycloidal  Teeth— Practical  Method  of  Drawing  the  Curves 
for  Cycloidal  Teeth — Application  of  Preceding  Principles  to  the  Case 
of  a  Rack  and  its  Pinion— Particular  Forms  of  Teeth  as  Dependent 
upon  Changes  in  the  Sizes  of  the  Generating  Circles  Employed— 
First  Particular  Case— When  the  Hypocycloid  is  a  Straight  Line — 
Rack  having  Teeth  with  Radial  Flanks  -  Practical  Method  of  Draw- 
ing the  Involute  Curves  for  the  Faces  of  the  Teeth  on  the  Pinion — 
Second  Particular  Case — ^Whcn  the  Hypocycloid  is  a  Point -Pin 
Wheels — Pins  are  always  placed  on  the  Follower— Back  a(hd  Pinion — 
Disadvantage  of  Pin  Wheels — Questions. 

Constancy  of  the  Velocity-Ratio  of  Toothed  Geaiing.* — In  nearly 
every  case  of  the  transmissioD  of  motion  by  friction  or  belt  gearing, 
slipping  takes  place  to  a  greater  or  less  extent,  and  hence  these 
methods  of  traiismittiog  motion  are  unsuited  where  an  exact  or 
constant  velocity-ratio  is  desired.  In  such  a  case  it  is  best  to 
employ  toothed  gearing.  But,  to  insure  a  constant  velocity-ratio 
and  smooth  working  with  toothed  gearing,  the  teeth  of  the  wheels 
must  be  carefully  constructed,  and  of  such  shapes  that,  when 
gearing  together,  certain  geometrical  conditions  are  fulfilled.  In 
this  Lecture  we  shall  endeavour  to  explain  the  principles  according 
to  which  all  properly  constructed  teeth  of  wheels  are  made  and  act. 
In  the  first  place,  we  shall  give  some  further  definitions  and 
general  explanations  relating  to  toothed  gearing. 

Definition. — The  pitch  of  the  teeth  is  the  distance  from  the 
centre  of  one  tooth  to  the  centre  of  the  next  tooth,  measored 
along  the  pitch  line. 

*  The  student  may  refer  to  the  following  books  on  gearing : — 
PrarCcal  Treatiwi  on  Gfarintjf  by  Browne  &  Sharpe,  printed  by  J.  W. 

Pratt  &  Son,  New  York. 
OdondcM,  by  Geo.  B.   Grant,  published  by  the  Lexington  Gear  Works, 

Lexington,  Mass. 
Pavdhook  on  the  'Iteth  of  Geara^  by  Geo.  B.  Grant,  Boston,  Mass. 
Bei*el'Oi-arH^  by  John  W.  Newall  &  Co  ,  Manchester. 
A  paper  ou  **  Setting  out  the  Curves  of  W^heel  Teeth,'*  by  W.  J.  Last,  in 

Proc,  IwL  CivU  Engineer^y  voL  Ixxxix.,  p.  335. 
Elements  of  Afachint  Design,  by  Prof.  Unwin,  published  by  Longmcna, 

Green  k  Co. 
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Let  d  =  Diameter  of  the  pitch  circle  in  inches, 
it   p  =  Pitch  of  teeth  in  inches, 
„    n  =  Number  of  teeth  on  wheel. 


Then, 
Or, 

AdcI, 


np 

= 

erf 

P 

= 

erf 

n 

d 

= 

np 

«■ 

(1) 


The  pitch,  as  measured  in  this  way,  is  called  the  Circular  Fitch, 
and  is  the  one  chiefly  used  by  engineei^  But  another  and  more 
convenient  method  of  measuring  the  pitch  is  sometimes  adopted,  and 
is  called  the  Diametral  Pitch.  According  to  this  method  the  pitch  of 
the  teeth  is  stated  as  a  fraction  of  the  diameter  of  the  pitch  circle. 

Thus,  if  the  diameter  of  the  pitch  circle  be  40  inches,  and  the 
number  of  teeth  on  the  circumfei'ence  be  120,  then  : — 

40 
Diametral  Pitch  «  toR  —  k  inch. 

In  this  case,  the  size  of  the  wheel  would  be  spoken  of  as  one  of 
3  teeth  per  inch  of  pitch  circle  diameter. 

Let  p^  =»  Diametral  pitch  of  teeth  in  inches. 
Then,  using  the  same  notation  as  in  the  case  of  circular  pitch: — 

P^^n      [   . (11) 

Or,  d  =  np^^ 

The  student  will  notice  that  equations  (II)  are  much  simpler 
than  equations  (1),  from  the  fact,  that  it  is  easier  to  treat  of 
the  sulMiivision  of  a  straight  line  than  that  of  a  circle.  Jt  is 
for  this  reason,  that  seveml  engineers,  especially  American, 
advocate  the  adoption  of  this  method  as  being  more  convenient 
for  stating  the  sizes  of  wheels.  In  this  country  the  circumferential 
pitch  is  the  one  chiefly  used,  except  in  the  case  of  small  wheels 
(such  as  the  change  wheels  for  a  lathe)  whose  sizes  are  often  stated 
in  terms  of  their  number  of  teeth  per  inch  in  diameter. 

The  relation  between  the  circular  and  diametral  pitches  can  be 
stated  thus : — 

From  (I),  c?  =  -^\ 

»  (II).  <^  = »« Pd, 

V 

Pi  =  -■ 

Or,  p^  :p  =  l  :». (HI) 
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In  this  book  the  term  piieh  mnst  always  be  underetood  as 
meaning  the  circular  piic/iy  unless  otherwise  expressly  stated. 

DsFiNiTioNs. — The  Face  of  a  tooth  is  that  part  of  its  acting 
surface  which  lies  between  the  pitch  surface  and  the  crest  of  the 
tooth. 

The  Flank  of  a  tooth  is  that  part  of  the  acting  surface  which 
lies  between  the  pitcb  surface  and  the  bottom  of  the  spaces 
between  the  teeth. 

The  Addendum  Circle  is  that  imaginary  circle  which  touches 
the  crests  of  all  the  teeth  on  the  wheel. 

The  Boot  Circle  is  that  imaginary  circle  which  touches  the 
bottoms  of  the  spaces  between  the  teeth. 

The  Addendum  of  a  tooth  is  the  length  of  the  tooth  projecting 
beyond  the  pitch  surface ;  or,  it  is  that  part  of  the  tooth  lying 
between  the  pitch  surface  and  the  addendum  surface. 


Illustratiho  the  Definitions  ot  Tekus. 

The  above  terms  will  be  understood  from  the  accompanying 
figure. 

Proportions  of  Teeth  of  Wheels. — The  proportions  for  the  teeth 
of  wheels  vary  slightly  with  differeot  makers,  but  the  following 
rules,  as  given  by  Prof.  Unwin,  represent  good  average  practice  : — 

Let  p  s  Pitch  of  teeth  in  incites, 

Theu,     Height  of  tooth  cibove  pitch  line,         .       =  "3/?, 

Depth  of  tooth  bdow  pitch  line,         .        =  '4:p, 

Thickness  of  tooth  (measured  along 

pitch  line),         .         .         .         .        =  '48/7, 

Width  of  space  between  t/ie  teetfi,        .        =  'b2p, 

Width  of  face  of  tooth,      .         .         .        =     2ptoZp, 

Clearance. — These  proportions,  as  shown  in  the  following  figure, 
give  a  side  clearance  of  ('52  -  *48)  p  —  *04  p,  and  a  bottom  deair- 
ane^  of  ('4  -  '3)  jp  =  •!  p. 
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Arc  of  ActioiL — Consider  the  action  of  a  pair  of  teeth  gearing 
together,  from  the  instant  at  which  contact  hegins  to  the  instant 
at  which  contact  terminates.  Dnring  the  first  part  of  the  action 
the  JUmk  of  the  tooth  on  the  driver  is  in  contact  with  the  face 


Bottom 
C/earance. 

Proportions  of  Teeth  of  Wheels. 

of  the  tooth  on  the  follower.  This  continues  until  the  pitch 
point  is  reached,  at  which  instant  the  line  of  contact  of  the  teeth 
coincides  with  the  line  of  contact  of  the  pitch  surfaces  of  the 
wheels.  After  passing  the  pitch  point,  /?,  the  fcbce  of  the  tooth 
on  the  driver  continues  in  contact  with  the  flank  of  the  tooth  on 
the  foUower,  until  contact  ceases.  Action  hegins  at  a,  the  point 
of  the  tooth  on  the  foUower,  and  terminates  at  6,  the  point  of  the 
tooth  on  the  driver. 


FOLLOWER 


DRIVER 


Illitbtrating  the  Tbbms  Abcs  of  Approach  avd  Rioisfl. 

Arc  of  Approach  =  Are  a  j>,  or  Arcfp, 
AreofRfloeH       sb  An  ph^  or  Are  ph. 
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Definition.  —  The  arc  of  either  of  the  pitch  circles  over 
which  there  is  contact  between  a  pair  of  teeth  is  called  the 
Arc  of  Action. 

Thus,  either  arc  ap  h,  or  arc  fp  b,  is  called  the  arc  of  action. 
The  arc  of  action  is  divided  at  the  pitch  point  into  two  parts, 
called  respectively  the  Arc  of  Approach  and  the  Arc  of  Recess. 
By  an  ins})ectiou  of  the  above  figure  it  will  be  seen  that  the 
length  of  the  arc  of  approach  depends  on  the  addendum  of  the 
teeth  on  the  foUotver ;  whilst  the  length  of  the  arc  of  recess 
depends  on  the  addendum  of  the  teeth  on  the  driver.  To  increase 
or  diminish  the  arc  of  contact,  the  addendum  of  the  teeth  must  be 
increased  or  diminished,  as  will  be  shown  further  on. 

Relation  between  Length  of  Arc  of  Action  and  Pitch  of  Teeth. 
— To  insure  continuous  action  between  a  pair  of  toothed  wheels, 
there  must,  at  any  instant,  be  at  lea»t  one  pair  of  teeth  in  gear. 
Moreover,  contact  between  one  pair  of  teeth  must  not  terminate 
before  the  succeeding  pair  comes  into  operation.  This  condition  is 
insured  by  making  the  arc  of  action  greater  than  the  pitch  of  the 
teeth.  In  most  cases,  especially  with  heavy  gearing,  two  or  three 
teeth  are  in  gear  at  once,  hence,  Hie  usual  rule  is  to  make  the 
arc  of  actionfrom  tfiree  iofou/r  times  the  pitch  of  the  teeth. 

Clock  and  Watch  Wheels. — In  wheel  work,  such  as  in  clocks  or 
watches,  where  friction  is  most  injurious,  the  teeth  of  the  wheels 
are  usually  so  designed  that  the  driving  teeth  have  no  flanks,  and 
the  driven  teeth  no  faces.  Contact,  in  such  cases,  occurs  during 
the  period  of  recess  only,  and  then  the  arc  of  recess  must  be  at 
least  equal  to  the  pitch.  The  reason  for  this  is,  that  the  friction, 
due  to  the  sliding  of  the  teeth  on  each  other  during  action,  is  said 
to  be  greater  during  the  period  of  a])proach  than  that  during  the 
period  of  recess.* 

Primary  Conditions  for  Correct  Working  of  Toothed  Wheels. — 
Having  explained  some  general  principles  relating  to  toothed 
gearing,  we  shall  now  pi-oceed  to  consider  the  necessary  con- 
ditions to  be  fulfilled  in  order  that  such  gearing  may  work 
coiTcctly. 

The  two  necessary  conditions  are  : — 

I.  The  radii  of  the  pitch  surfaces  must  be  such  that  by  rolling 
together  they  give  the  desired  velocity-ratio. 

Let  R^,  Rji  =  Radii  of  pitch  circles  of  wheels  A  and  B. 
»    ^Ai  ^B    =  Angular  velocities  „  „ 

Then,  as  a  first  condition  we  must  have  : — 

R^  :  Rr  =  «B  :  (a^. 

*  Friction  between  the  teeth  of  wheels  will  be  considered  in  Lecture  XVL 
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Or,  the  radii  of  the  pitch  cirolen  miut  be  Inversely  as  the 
angular  velodties  of  the  wheels. 

II.  The  Bhape  of  the  teeth  of  the  wheels  must  be  snch,  that 
the  motion  reBnltlug  from  their  mutual  Etction  shaU  be  the  same 
as  that  obtained  by  the  rolling  action  of  the  pitch  sarfaces. 

Let  A  and  B  be  the  centres  of  the  pitch  circlee  of  two  wheels 
working   together.      A  B   the   Una  0/  centres,  Hud  />  the  pitch 

For  cleameas  we  have  represented  only  une  tooth  on  each  wheel. 
The  teeth  are  in  contact  at  the  point  ah;  a  being  the  point  of 
contact  oil  tooth  A,  and  b  the  point  of  contact  on  tooth  £. 

Let  HK,  the  common 
doi-idb]  to  the  eurvea  of  the 
teeth  Ht  their  point  of  con- 
tact, intersect  the  line  of 
centres  at  q.  From  A  and 
B  draw  the  perpend  icnlars, 
AMandBIf.nponHK. 

With  centre!  A  and  B 
draw  the  circle*  passing 
through  the  point  a  &.  Then, 
at  any  ingtant  the  point  a 
is  movirig  along  the  tangent 
to  the  circle  |>assing  through  ' 
a,  and  having  its  centre  at 
A  ;  i.e.,  the  puint  a  is  mov- 
ing in  a  direction  at  right 
angles  to  A  a  with  a  velocity 
Va  •=  Wt  X  Ao.  Similarly, 
the  point  b  ia  moving  in  a 
direction  at  right  angles  to 
B  b  with   a   veloci^  Vb  ~ 

'■■  \  ^  *■  A"*  ''T*^  ''■^  iLLTOnuTiso  PwMAar  Comwtwns  fo. 
points  a  and  b  are  thus  mov-  uoBiutCT  VVomibo  or  Wheil  Tina. 
ing  in    different  directiuos 

and  with  different  velocities,  yet  their  component  velocilitt  along 
the  common  normai,  E  E,  must  be  equal,  otherwise  the  teeth 
would  either  separate  from  or  penetrate  each  other.  For  an  in- 
definitely amotl  movement  of  the  wheels  the  only  relative  motion 
of  a  and  i  is  in  a  direction  perpendicular  to  H  K. 

Let  V  denote  the  equal  component  velocities  of  Va  and  t%  along 
H  K.     Then,  with  reference  to  wheel  A : — 


\% 
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p  =  «»^  X  AM 

Similarly, 

t7  =    Wb    X    B  N 

• 
•  • 

«^  X  A  M  =  w.  X  B  N, 

• 
•  ■ 

«A  :  «B  =  B  N  :  A  M, 

ue,, 

Rb  :  R^  =  B  N  :  AM, 

Or, 

"Bp  :Ap  =  B^     :  Aq    [Bj similar  triangles] 

This  can  onlj  be  true  when  q  coincides  with  p.  Henoe,  the  condi- 
tion to  be  fulfilled  by  the  curves  forming  the  teeth  of  wheels  is : — 

The  common  nonnal  to  the  carves  at  the  point  of  contact  of  a 
pair  of  teeth  must  always  pass  through  the  pitch  point 

Cnrves  which  Satisfy  the  above  Condition. — It  now  remains 
to  describe  curves  which  shall  fulfil  this  condition.  The  problem 
of  determining  the  proper  shape  of  teeth  admits  of  many  solutions. 
Any  shape  can  be  given  to  the  teeth  of  one  of  a  pair  of  wheels 
gearing  together,  so  long  as  a  corresponding  shape  be  given  to 
the  teeth  of  the  other  wheel,  to  fulfil  the  above  condition. 

Two  principal  curves  have  been  used  by  engineers  for  describing 
the  teeth  of  wheels.  These  are  the  cycloid  and  the  involute.*  We 
shall  now  explain  the  nature  of  these  curves,  and  then  show  that 


O 

Thk  Ctcloid  and  How  it  is  Describsd. 

teeth  formed  according  to  them  satisfy  the  above  condition  for 
correct  working. 

Definition. — ^A  cycloid  is  a  cnrve  traced  oat  by  a  point  on 
the  circumference  of  a  circle  which  rolls  along  a  straight  line. 

The  form  of  this  curve  will  be  understood  from  the  accompany- 
ing figura  The  rolling  circle,  G,  is  called  the  generating  ciriUe. 
The  point,  P,  which  traces  out  the  curve  is  called  the  tracing  pwnL 
The  line,  A  B,  on  which  the  circle  rolls  is  called  the  bate  line. 

*  Oydoid  is  derived  from  the  Greek  word  Kvxktn,  'signifyinff  a  ring  or  a 
circle;  Epicycloid  from  ivl^  signifying  upon  and  KCxKot;  vaa  Hgpocuctoid 
from  vTo,  sijB^nifying  uTider  and  k-vicXos.  Involute  is  derived  from  the  Latin 
words  tn,  signifying  upon,  and  volvo,  to  roll. 


THE  £PIGYGU>n>  jUI1>  HYPOOYCLOID. 
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The  length  of  A  B  is  equal  to  the  dRmmferenee  of  the  genentt- 
ing  circle.  For  any  poeition,  G,  of  the  generating  eirde,  we  kat« 
A  C  =  arc  P  C  of  the  circle. 

When  the  base  line  is  a  circle  the  curve  traced  out  by  the 
tracing  point  is  called  an  Epicycloid  or  a  Hypoi^cloid  aooordiag  «a 


The  Htpoctcloid. 
A  C  B  is  the  Base  circle,  P  the  Tracing  pointy  G  the  Generating  cnole. 

ihe  generating  circle  rolls  on  the  convex  or  concave  side  of  the  base 
-circle.     We  may  define  these  curves  separately,  as  follows  : — 

Definition. — An  Epicycloid  is  a  curve  traced  out  by  a  point  o& 
the  circumference  of  a  drcle  which  rolls  on  the  Convex  are  of 

another  circle. 
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Definition.— A  Hypocycloid  is  a  carve  traced  oat  by  a  point 
on  the  circnmference  of  a  circle  which  rolls  on  the  Concave  arc  of 
another  circle. 

The  fiirms  of  these  curves  will  be  understood  from  the  accom- 
panying figures. 

Particalar  Cases — I.  When  the  Cycloid  is  a  Straight  Line.  — 
Suppose  the  radius  of  the  generating  circle  to  become  infinitely 
great ;  then,  clearly,  the  cydoid  would  become  a  straight  line  per- 
pendicular to  the  base  line,  A  B.  An  a])plication  of  this  is  to  be 
found  in  the  case  of  racks  having  teeth  with  straight  flaaks. 

II.  When  the  Epicycloid  is  the  Involnte  of  the  Base  Circle. — 
If  the  i-adius  of  the  generating  circle  of  the  epicycloid  be  infinitely 
great,  then  the  arc,  P  C,  becomes  a  straight  line,  and  the  epicycloid. 


Involute  Cur  vs. 
A  C  the  Base  circle,  P  the  Tracing  point. 


HVPOGTCLOID  A  STRAIGHT  LlXl 


A  P,  is  now  termed  the  Involnte  of  the  Base  Circle  or  simply  an 
Involnte.  An  involiUe  of  a  circle  is  the  curve  traced  out  by  a 
point  on  the  fi-ee  end  of  a  stretched  string  when  the  string  is  being 
unwound  from  the  circle.  The  form  of  this  carve  will  be  under- 
stood from  the  left-hand  figure. 

III.  When  the  Hypocycloid  is  a  Straight  Line.— If  the  diameter 
of  the  generating  circle  be  equal  to  half  the  diameter  of  the  circio 
inside  which  it  rolls,  then  the  hypocycloid  traced  out  by  the  tracing^ 
point  will  be  a  straight  line,  and  this  straight  line  will  be  a 
diameter  of  the  base  circle.  This  case  is  shown  by  the  figure  on 
the  right. 
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Let  the  tracing  point  be  at  A  at  the  beginning  of  its  motion, 
and  at  P  for  any  position  of  the  generating  circle.  Join  O  A,  G  P, 
and  O  C.    O  C  passes  through  G,  the  centre  of  the  generating  circle. 

Let  ^GGP  =  tf,  ^COA  =  f. 

Then,  arc  P  0  =  arc  A  G,  by  definition. 

G  G  X  tf  =  G  G  X  f . 
But,  G  C  »  ^  O  C,  by  hypothesis. 

^  =  2  f. 

Now  ^  is  an  angle  at  the  centre  of  the  circle  G,  and  9  is  an 
angle  at  the  circumference  of  the  same  circle.  But,  since  tf  a  2  9, 
it  follows  ^converse  of  Euc.  IIL,  20)  that  these  two  angles  must 
stand  on  tne  same  arc,  P  0,  of  the  circle  G.  Therefore,  P  lies  on 
the  line  O  A.  This  being  true  for  any  position  of  G,  we  conclude 
that  P  moves  along  the  straight  line  A  B,  which  is  a  diameter  of 
the  base  circle. 

ly.  When  the  Hypocycloid  is  a  Point. — By  a  reference  to  the 
following  left-hand  figure,  it  appears  that  the  same  hypocycloid 
can  be  traced  out  by  either  of  the  generating  circles,  G|  or  G2, 
when  the  diameters  of  these  circles  are  such,  that  their  sum  is 
equal  to  the  diameter  of  the  circle  inside  which  they  roll. 


Tns  Htpoctgloid  DBOiNXBATiyo  to  a  Point. 

Now,  if  the  circle  G^  goes  on  increasing  in  size,  the  hjrpocydoid, 
APB,  becomes  more  and  more  convex  towards  the  centre,  G, 
until,  ultimately,  when  G^  becomes  nearly  equal  in  size  to  the  base 
circle,  the  hypocycloid  is  a  small  half-loop,  as  shown  by  the  right- 
hand  figure. '  The  same  thing  takes  place  as  the  circle  G^  decreases 
in  sice.  Hence,  when  the  generating  circle  is  equal  in  size  to  the 
base  circle,  the  hypocycloid  degenerates  into  a  point 


Si« 
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The  cvrrea  of  the  cycloid  claas  have  many  important  geometrical 
propertiea,  some  of  which  are  familiar  to  students  of  higher 
b|yMMnic%  hut  the  only  property  with  which  we  are  cpaceiiied 
here  is  that  one  relating  to  the  normal  at  any  point  of  the  curve. 

Referring  to  the  above  figui*es,  let  C  be  the  point  of  contact  of 
the  generating  circle  and  base  line ;  P  the  tracing  point  Then, 
at  any  particular  instant  during  the  rolling  of  the  circle  G,  the 
tracing  point,  P,  will  be  moving,  as  it  were,  in  a  circle  whose 

radius  is  0  P,  and  having 
C  as  its  centre.  In  other 
words,  C  is  the  insian- 
taneouB  cmire  of  motion. 
O  P  is,  therefore,  the  radius 
of  curvature  of  the  curve 
at  the  point  P.  Hence, 
the  narmcU  to  the  curve 
at  the  point  P  is  in  the 
direction  PO.  It  is  thili 
property  of  the  cydoidal 
and  involute  corves  which 
fit  them  so  well  for  the 
teeth  of  wheels. 

Cydoidal  Teeth.  — Let 
EipEj,  HipHg  be  the 
pitch  circles  of  two  wheels 
gearing  together,  p  being 
the  pitch  |X)int.  Let  G 
be  the  Jixid  centre  of  a 
third  circle  touching  the 
other  two  circles  at  the 
pitch  point,  p.  Let  P  be 
a  tracing  point  on  the 
circumference  of  this 
circle. 

At  the  beginning  of 
motion,  let  P,  E^,  and 
H^  all  coincide  at  the 
point,  p.  Let  the  three  circles  now  roll  in  contact  with  each 
other  in  the  directions  indicated.  The  point,  P,  will  then  describe 
simultaneoQsly  the  epicycloid*  E^  P  E^,  outside  the  pitch  circle,  A, 
wod  the  hypoeydoid,  H^  P  H29  inside  the  pitch  circle,  R  Since 
hoth  curves  are  traced  out  by  the  same  generating  circle  and 
teaoing  point,  it  follows,  from  what  has  already  been  said,  that  the 
oonmeya  nonnal  at  their  point  of  contact,  P,  always  passes  through 
the  pitch  pointy  p.    Bat  this  ia  the  yvj  condition  which  we  have 


Illustkaxxmo  FuLnLMENT  OF  Pbimast 

CONDITIOVS  BT  CtOLOIDAL  TeETH. 


gee's  toothed  gearing.  247 

seeking  to  fulfil,  and  we  now  see  that  teeth  of  the  cvdoidal 
class  satisfy  this  condition  for  correct  working.  The  part,  £^  P,  of 
the  epicycloid  may  represent  the  curve  for  the  /ac9  of  a  tooth  on 
the  wheel,  A,  and  the  part,  H^  P,  of  the  hjpocjcloid  the  cnrre  for 
the, flank  of  a  tooth  on  the  wheel,  B.  Hence,  if  the  faces  of  the 
teeth  on  the  one  wheel,  and  the  Jlanks  of  the  teeth  on  the  other 
he  described  by  the  same  generating  circle^  the  two  wheels  will 
work  correctly  together. 

The  student  should  observe  that  the  action  between  a  pair 
of  teeth,  however  perfectly  formed,  is  not  wholly  due  to  the 
rolling  of  one  tooth  on  the  other.  An  inspection  of  the  pre- 
vious figure  will  make  this  quite  clear.  Thus,  at  the  beginning 
of  the  motion  described,  when  P  coincides  with  p,  E|  coincides 
with  Hj.  When  the  motion  is  such  that  P  is  brought  into  the 
position  shown  on  the  figure,  the  length  of  epicycloid  described  is 
£|  P,  and  that  of  the  hypocydoid,  H,  P.  These  arcs  are  not 
equal  in  length,  E^  P  being  greater  than  H^  P.  Therefore,  the 
amount  of  diding  is  E^P  -  H^  P.  Hence,  the  action  between  a 
pair  of  teeth  in  contact  is  partly  sliding  and  partly  rolling. 

It  is  not  necessary  that  the  same  generating  circle  be  employed 
for  describing  both  faces  or  both  flanks  of  the  teeth  on  the  same 
wheel,  but  it  is  very  advantageous  to  have  the  teeth  so  described, 
especially  if  the  wheels  require  to  run  in  either  direction. 

Gee's  Toothed  Gearing. — ^When  the  wheels  require  to  run  in 
one  direction  only,  the  posterior  or  unacting  surfaces  of  the 
teeth  may  be  given  any  shape  whatever.      A  form  of  toothed 


Gme*b  Toothed  Gbabiko. 

gearing,  known  as  Gee's  patent  gearing,  has  lately  been  intro- 
dnoed,  and  is  said  to  be  35  per  cent,  stronger  than  the  ordinary 
form.  The  driving  surfaces  of  the  teeth  are  of  the  nsoal  form, 
bot  the  other  surfaces  are  more  inclined,  as  shown  by  the  accom- 
panying fignre.  This  causes  the  roots  of  the  teeth  to  be  much 
thicker  than  with  ordinary  teeth,  and  hence  the  increase  of  strength. 
Exact  Method  of  Drawing  the  Curves  for  Cydoidal  Teeth.--- 
The  BMthod  of  describing  the  carves  for  the  teeth  of  wheels  will 
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now  be  easily  understood.  Let  G^  represent  the  genemting  circle 
nsed  for  describing  the  faces  of  the  teeth  on  wheel  A  and  the 
flanks  of  the  teeth  on  B  ;  G^  the  generating  circle  used  for  describ- 
ing the  faces  of  the  teeth  on  B  and  the  flanks  of  the  teeth  on  A. 
Draw  the  addendum  and  root  circles  and  divide  the  pitch  circles 
into  as  many  equal  arcs  as  there  will  be  teeth  on  the  wheels.  On 
each  side  of  these  points  of  division  set  off  equal  distances  to  repre- 
sent ^//*the  thickness  of  a  tooth  as  measured  along  the  pitch  circle. 


Illvstbating  Method  of  SsTTiKa  our  Curves  fob  Tebtu  of  Wheels. 

Let  a,  be  a  point  on  pitch  circle  of  wheel  A,  and  6,  a  point  on 
pitch  circle  B,  from  which  the  curves  for  a  tooth  on  each  wheel 
nave  to  be  set  out. 

By  placing  the  generating  circles,  Gp  G2,  in  contact  with  the 
pitch  circles  at  these  i)ointB,  and  then  tracing  out  the  parts  of  the 
epicycloids  and  hypocycloids  between  the  pitch  circles  and  adden* 
dum  and  root  circles  as  shown,  the  curves  for  a  tooth  on  each 
wheel  may  be  thus  described.  This  process  may  be  repeated  for 
all  the  teeth  on  both  wheels,  and  we  thus  obtain  a  complete  repre- 
sentation of  a  pair  of  spur  wheels  having  cycloidal  teeth. 

Practical  Method  of  Drawing  the  Corves  for  Cycloidal  Teeth. — 
The  above  method  of  setting  out  the  curves  for  the  teeth  of 


PRACTICAL  METHOD  OF  SETTING   OUT  CURVES. 


249 


wheels,  although  mathematically  exact  and  apparently  quite  aimple, 
is  found  to  be  rather  tediouH  in  practice,  and  consequently  in 
working  drawings  we  always  find  the  true  curves  represented 
approximately  by  arcs  of  circles.  The  following  method  of  obtain- 
ing curves  for  the  teeth  of  wheels  is  very  often  used  in  practice  : — 
Make  a  wooden  template,  T,  having  a  thickness  of  about  |  inch, 
and  of  such  a  shape  that  its  outer  and  inner  edges  are  each  arcs  of 
a  circle  having  a  radius  equal  to  that  of  the  pitch  circle  of  the 
wheel  upon  which  the  teeth  have  to  be  described.  Make  also 
template  segments  of  the  genemting  circles,  Gg,  Gh*  and  pass  a 


PiucncAL  Method  ot  Skthvc  out  Curves  for  Teeth  of  Wheels. 
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D  B  represents  Drawing  board. 
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Drawing  paper. 
Template. 
Pitch  circle. 
Addendum  circle. 
Root  circle. 
Generating   circle 

for  &oefl  of  teeth. 
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for  flanks  of  teeth. 
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Traoing  point  of  needle. 

Centre  for  circular  arc 
approximately  ooin- 
ciding  with  epicy- 
doidal  arc,  a  h. 

Centre  for  circular  aro 
approximately  coin- 
ciding with  hypo- 
cy  doidal  arc,  ac 
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Bmall  pencil  or  needle,  N  P,  through  each,  ao  that  the  point,  P, 
eoinciaeB  with  the  outer  edge,  as  shown  in  the  elevation. 

Fix  a  sheet  of  drawing  paper  on  a  drawing  board,  D  B.  On 
this  paper  draw  an  arc  of  a  circle  having  a  radius  equal  to  that  of 
the  pitch  circle  of  the  wheel.  By  means  of  nails  attach  the  pitch 
circle  template,  T,  to  the  drawing  board  in  such  a  position  that 
its  convex  arc  coincides  with  the  arc  of  the  pitch  circle  drawn  on 
the  paper.  Now  take  the  generating  circle,  G|,  and  bring  it  in 
contact  with  the  convex  edge  of  the  pitch  circle  template,  so  that 
the  point,  P,  coincides  with  the  point,  a.  Roll  Gg  along  the  tem- 
plate, T,  in  the  direction  indicated,  when  the  point,  P,  will 
describe  an  arc  of  an  epicycloid,  a  h.  The  arc  of  the  epicycloid 
intercepted  between  the  pitch  circle  and  the  addendum  circle 
represents  th  e/ace  of  a  tooth.  Now  shift  the  pitch  circle  tern  plate, 
T,  so  that  its  concofve  edge  coincides  with  the  pitch  circle  drawn 
on  the  paper.     By  placing  the  generating  circle,  Gh,  in  contact 


Spur  Whbel  asd  Pinion  with  Gtcloidai.  Teeth. 

with  the  concave  edge  of  T,  and  having  the  tracing  point  or 
pencil,  P,  coinciding  with  a,  the  hypocycloid,  ao,  can  then  be 
traced  in  the  same  manner.  The  arc  of  the  hypocycloid  inter- 
cepted between  the  pitch  circle  and  the  root  circle  will  repre- 
sent ibejlank  of  a  tooth  on  the  wheel. 

Having  obtained  these  curves,  it  remains  to  find,  by  trial,  the 
radii  and  centres,  E,  H,  of  area  of  circles  which  approximately 
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ooindde  irith  the  epicycloidal  mod  hypocycloidol  area  respectivel}'. 
TbeM  being  fbasd,  ^proximate  curves  can  readily  be  drawn  to 
lepreient  ue  faces  and  flanks  of  the  teeth.     This  method  is 
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(rften  used  bgr  p«ttenmiaken  wben  netting  oat  the  carves  for  the 
teet^ofwheela.  Foroidinarymetbodsofrepresentingondravrings 
the  enrres  for  the  teeth  of  whsela,  Uue  student  must  coasnlt  wo^ 
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OD  MacluDe  Drawing.  The  student  mnat  be  reminded,  however, 
that  true  cycloidal  curves  can  never  be  accurately  represented  by 
arcs  of  circles,  Iiowever  many  of  these  may  be  employed  in  com- 
pleting the  drawing. 

The  previous  figures  represent  spur  wheels  with  cycloidal  teeth. 

Application  of  Preceding  Principles  to  the  Case  of  a  Rack 
and  its  Pinion. — For  our  pi'esent  purpose,  we  may  consider  a  rack 
as  being  simply  a  toothed  wheel  having  a  pitch  circle  of  infinite 
radius ;  and  it  therefore  follows,  that  the  preceding  principles  are 
applicable  to  it 


FITCH  Lm  OF  RACK 


Back  and  Pinion  with  Ctcloidal  Teeth. 

The  figure  on  the  right-hand  side  shows  a  rack  and  its  pinion, 
the  pitch  lines  being  shown  by  dotted  lines.  The  figure  on  the 
left-hand  side  shows  the  application  of  the  preceding  principles 
in  obtaining  the  curves  for  the  teeth  on  both  i-ack  and  pinion. 
The  generating  circle,  G^,  is  represented  describing  tlie  face  of  a 
tooth  on  the  rack  and  the  flank  of  a  tooth  on  the  pinion,  while 
the  circle,  Go,  is  employed  in  describing  the  flank  of  a  tooth  on 
the  rack  and  the  face  of  a  tooth  on  the  pinion.  The  curves 
forming  the  faces  and  flanks  of  the  teeth  on  the  rack  will  thus  be 
arcs  of  cycloids. 

Particular  Forms  of  Teeth  as  Dependent  upon  Changes  in  the 
Sizes  of  the  Generating  Circles  Employed.— In  what  has  preceded, 
we  have  been  chiefly  concerned  with  a  discussion  of  the  geneiul 
character  and  shape  of  teeth  of  the  cycloidal  class,  and  we  now  go 
on  to  consider  a  few  particular  cases  as  dependent  upon  the  sizes 
of  the  generating  cireles  employed. 

First  Particnkr  Case— When  the  Hypocycloid  is  a  Straight 
Line. — We  have  already  shown,  that  when  the  diameter  of  the 
generating  circle  is  half  that  of  the  circle  inside  which  it  rolls,  the 
hypocycloid  traced  out  by  the  tracing  point  is  a  diameter  of  the 
base  or  pitch  circle.     This  being  the  case  it  is  easy  to  see,  that  if 
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the  flanks  of  the  teeth  of  a  pair  of  wheels  be  described  by 
generatiDg  circles,  ^hose  diameters  are  half  that  of  the  correspond- 
ing pitch  circles,  such  flanks  will  be  straight  or  radial. 

The  method  of  setting  out  such  teeth  may  be  briefly  stated 
thus :  — 

Let  A  and  B  l)e  tlie  centres  of  the  pitch  circles.  Take  generating 
circles,  G^^  Ob,  having  diameters  respectively  equal  to  liof/t/iose  of 


Rack  and  Pinion. 

thA  pitch  circles  A  and  B.  By  rolling  G^i^  on  the  convex  side  oi 
pitch  circle,  B,  an  epicycloid,  b^  b^,  will  be  traced  out.  This  curve 
determines  the  form  of  the  faces  of  the  teeth  on  B.  Similarly,  by 
rolling  Ob  on  the  convex  side  of  pitch  circle,  A,  the  epicycloid,  a^a^, 
will  be  obtained,  which  will  determine  the  form  of  the  faces  of  the 
teeth  on  A. 

The  hypocycloids  con'esponding  to  these  generating  circles  are 
straight  lines  or  indii  of  the  pitch  circles.  Hence,  to  complete  the 
curves  for  the  acting  surfaces  of  the  teeth,  it  is  only  necessary  to 
draw  the  radii  from  the  points  a^ ,6^ ,  &c. 

Teeth  with  radial  flanks  are  thinner  at  the  roots  than  at  the 
pitch  circle,  and  if  the  wheel  is  small  and  has  few  teeth,  it  is  noc 
difficult  to  see  that  such  teeth  may  exhibit  comparative  weakness 
at  the  roots,  the  very  place  where  they  should  be  strongest.  With 
ordinary  sized  wheels,  this  need  not  present  any  serious  obstacle, 
since  the  thickness  at  the  roots  may  be  increased  by  simply  patting 
in  fillets  between  the  straight  flanks  and  the  root  circle. 
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Back  having  Teeth  with  Radial  FlaokB.— In  canyiag  odt  Oie 
above  idea  for  the  cage  of  a  rack  and  pinion,  we  notice  that  the 
generating  circle  to  be  used  in  deecribing  the  ,£ioe^  of  the  teeth  on 
tbe  pinion  mnst  have  a  diameter  equcU  to  that  of  ths  radUu  of  ike 
pitcH^  ^^  circle**  of  the  rack.  But  wnce  this  latter  "circle'*  has  an 
infinite  diameter,  it  follows  that  the  diameter  of  the  generating 
circle  just  referred  to  must  also  be  infinite.  Now,  we  have  already 
shown  that  the  epicycloid  traced  out  by  a  generating  circle  of 
infinite  diameter  is  an  involute  of  the  base  or  pitch  circle,  outside 
which  this  generating  circle  is  supposed  to  roll.  Hence,  the  faces 
of  the  teeth  on  the  pinion  must  be  involutes  of  its  own  pitch  cirde. 
The  faces  of  the  teeth  on  the  rack  are  cycloids  described  by  a 
generating  circle,  having  a  diameter  equal  to  the  radius  of  the 
pinion. 
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Pinion  having  Tbbth  with  Ikvolittb  Faces  and  Radial  Flanxb. 
Rack  having  Tkxth  with  Ctcloidal  Faces  and  Straight  Flanks.* 

The  principle  of  construction  for  this  case  will  be  understood 
from  the  left-hand  figure  above.  The  complete  teeth  are  rapresented 
by  the  right-hand  figure. 

It  must  be  carefully  borne  in  mind,  that  the  form  of  the  acting 
surfaces  of  the  teeth  on  the  one  wheel,  determines  the  necessary 
form  of  the  acting  surfaces  of  the  teeth  on  the  other  wheel  in  gear 
with  it.  In  the  case  of  cycloidal  teeth,  the  only  necessary  con- 
dition to  be  observed  in  their  construction,  in  order  to  insure 
correct  working  is,  that  the  same  generating  circle  be  used  in 
describing  the  faces  of  the  teeth  on  the  one  wheel  as  that  used  in 
describing  the  flanks  of  the  teeth  in  the  other.  This  condition  is 
clearly  fulfilled  in  the  two  particular  cases  just  considered. 

Practical  Method  of  Drawing  Involute  Curves  for  the  Faces  of 
Teeth  on  a  Pinion. — The  following  is  a  simple  practical  method  of 
drawing  the  involute  curves  for  the  faces  of  the  teeth  on  the  pinion, 
gearing  with  a  i-ack  having  teeth  with  radial  flanks. 

D  B  is  a  drawing  board,  having  a  sheet  of  drawing  paper,  D  P, 
fixed  to  it.      Draw  on  the  paper,  full  sice,  an  arc,  P  C,  of  the  • 
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pitdi  circle  of  the  pinion.  Haring  mode  a  template  T,  at  wood 
with  a  convex  edge,  struck  with  a  radius  equal  to  that  of  the  pitch 
citxsle  of  the  pinion,  fix  it  to  the  board  with  this  edge  oohtciding 
with  P  U,  as  shown  b;  the  Sgnre.  Next  take  a  lath,  L,  of  wood, 
having  one  of  ite  edges  jverfectly  straittht,  and  carrying  a  small 
P.B. 


Fa^cnoAL  Method  or  Diuwura  Involute  or  PncH  Cibclx. 
IsDBX  TO  Parts. 
D  B  npTMenli  Drawing  board.  I         T  repreieot*  Wooden  tenpfet*. 

DP         „         Drawing  paper.  I  L         „  Wooden  lath. 

PC  *  „  Pitch  circle  of  wheeL  |  F  „  Tracing  point, 
pencil  or  needle,  P,  projecting  from  the  straight  edge.  Let  the 
straight  edge  of  L  be  placed  against  the  convex  edge  of  T,  and  let 
the  point  P  coincide  with  the  poiiit  a,  from  which  the  curve  mast 
start.  Now  allow  tbe  lath  to  roll  on  the  edge  of  T,  so  that  the 
straight  edge  of  L  will  always  form  a  tangent  to  the  pitch-eircle, 
care  being  taken  not  to  allow  aoy  slipping  during  the  process.  By 
this  means,  the  point  P  will  describe  a  curve  which  will  bo  an 
iuvolnte  of  the  pitch  circle,  PC  Aa  arc  of  a  circle  can  now  be 
drawn,  which  will  approximately  coincide  with  the  involute  arc  so 
found,  and  then  the  curves  for  the  face-s  of  the  teeth  may  be 

Second  ParUcolar  Case — When  tbe  Hypocycloid  is  a  Point — 
Fin  Wheels. — We  have  already  shown  that  the  hypocycloid  degen- 
erates to  a  point  when  the  diameter  of  the  generating  drele  is 
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equal  to  that  of  the  base  circle  inside  which  it  rolls.  Hence,  if 
the  diameters  of  the  generating  circles  be  taken  equal  in  size  to 
the  respective  pitch  circles  of  a  pair  of  wheels  intended  to  gear 
together,  it  is  clear,  that  the  teeth  on  both  wheels  will  possess 
the  peculiar  property  of  having  no  Jlariks,  In  this  particular 
case,  the  teeth  on  one  of  the  wheels  must,  theoretically,  be  mere 
points.  Tn  practice  the  teeth  must  have  some  magnitude,  and 
consequently  we  find  pins  instead  of  mere  points.  A  wheel  of 
this  description  would  be  called  a  pin  wlieel,  and  consists  of  a 
series  of  pins  projecting  from  the  face  of  a  circular  disc,  as  shown 
by  the  following  figures.  When  the  pins  are  fixed  between  two 
discs  ^e  then  obtain  what  is  called  a  lantern  wheel ;  a  form  of 
wheel  now  rarely  used,  except  in  clock  and  watch  mechanism. 


Pin  Whbkl. 


Lantern  Wheel. 


The  problem  now  before  us  is,  given  a  pin  or  lantern  wheel,  to 
describe  the  teeth  on  another  wheel  which  shall  work  accurately 
with  it. 

We  shall  first  su|ipose  the  pins  to  have  no  diameter,  in  other 
words,  to  be  mere  points. 


Method  of  Drawing  Teeth  on  a  Wheel  to  Gear  with  a  Pin  Whbbl» 


TKETH  TO  GEAR  WITH  A  PIN   WHEEL. 
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Let  A  be  the  centre  of  the  pitch  circle  npon  which  the  required 
teeth  have  to  be  described,  and  B  the  centre  of  the  pin  wheel  The 
generating  circle,  G,  naed  for  describing  the  faces  of  the  teeth  on 
A,  must  be  of  the  same  size  as  the  pitch  circle,  R  The  shape  of 
the  complete  teeth  on  A  is  shown  by  the  figure  on  the  right-hand 
side,  from  which  it  will  l)e  seen  that  the  teeth  have  no  flanks. 

To  complete  the  problem  we  must  modify  the  above  figure  on 
the  right-hand  side  to  suit  the  actual  case  when  pins  of  definite 
diameter  are  substituted  for  the  points  on  the  wheel  B.  Having 
fixed  upon  the  diameter  of  the  pins,  draw  circles  to  represent 
these  round  the  pitch  circle,  B,  as  shown.  At  the  points  of  inter- 
section of  the  dotted  epicycloids  with  the  pitch  circle,  A,  draw  the 
small  arcs  inward  (with  a 
radius  equal  to  that  of  the 
pins),  to  represent  the  re- 
cesses into  which  the  pins 
enter  when  approaching  the 
pitch  point,  p.  Then  draw 
curves  from  the  ends  of 
these  small  arcs  parallel  to 
the  dotted  epicycloids  as 
indicated,  the  distance  be- 
tween the  parallel  curves 
being  half  the  diameter  of 
the  pins. 

It  should  be  noticed,  how- 
ever, that  the  parallel  curves 
so  drawn  are  very  ap])roxi- 
mately  epicycloids  traced  by 
a  generating  circle  equal  in 
Hize  to  the  one  uned  in  de- 
scribing the  dotted  curves. 
Hence,  it  is  only  necessary 
to  draw  from  the  ends  of 

the  small  circular  arcs,  epicycloids  with  a  generating  circle  equa? 
in  diameter  to  that  of  the  pitch  circle,  B,  and  these  will  represent 
the  working  faces  of  the  teeth  on  A. 

Pins  are  always  placed  on  the  Follower. — When  one  of  » 
pair  of  wheels  in  gear  has  pins  instead  of  teeth,  it  is  the  practice 
to  place  the  pine  on  that  vahed  tohic/i  is  to  he  the  fcUower.  The 
reason  for  this  will  be  apparent  when  we  remember  what  has  been 
said  regaixling  the  friction  between  the  teeth  during  the  arcs  oi 
a])proach  and  recess.  The  friction  during  the  arc  of  approach  is 
said  to  be  greater  than  that  during  recess,  and  if  this  be  the  case, 

it  follows,  that  the  arc  of  approach  should  be  as  small  as  possible. 

17 


Txkth  to  Gear  with  a 
Pix  Whkkl. 
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Now,  ill  Uie  Airangement  just  oonndered,  wherein  the  teeth  have 
BO  flanks,  it  is  dear  that  there  will  be  no  arc  of  approach  or  no 
arc  of  reoeu  aooording  as  the  pin  wheel  is  the  toUower  or  the 
drirer.  If  the  pin  wheel  be  the  follower,  the  whole  of  the  action 
between  the  teeth  on  A  and  the  pins  on  B  will  occur  €^Ut  the 
line  of  oentPOB  i.^.,  daring  the  arc  of  recess.  If  B  beecnnes  the 
driver,  then  the  whole  of  the  action  takes  place  during  the  arc 
of  approach.  This  latter  arrangement  should  therefore  not  be 
adopted. 

Back  and  Pinion. — Sometimes  we  find  either  a  rack  or  its  pinion 
fitted  with  pins  instead  of  ordinary  teeth.  In  any  case,  however, 
the  above  rule  must  be  attended  to — viz.,  ikt  pms  aZtooys  to  be 
jjlaced  on  the  foUotoer,  Hence  two  cases  arise — (1)  the  pinion 
may  drive  the  rack,  or  (2)  the  rack  may  drive  the  pinion. 

(1)  Suppose  the  Pinion  to  Drive  the  ^oc^-— In  this  case,  the 
pins  must  be  placed  upon  the  rack.  Now  the  pitch  line  of  a 
rack  has  been  stated  to  be  part  of  a  pitch  circle  of  infinite  radius, 
and  since  the  faces  of  the  teeth  on  the  driver  are  supposed  to  be 
described  by  a  generating  circle  having  the  same  diameter  as 
the  pitch  circle  of  the  fouower,  it  follows  that  this  generating 
circle  must  also  be  of  infinite  radius.     HenoOi  the  curves  for  the 
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Pinion  in  Gxab  with  Back  Fttted  with  Pins. 


faces  of  the  teeth  on  the  pinion  will  be  involutes  of  its  own  pitch 
circle. 

The  principles  of  oonstruction  in  this  case  will  be  understood 
from  what  has  preceded  and  by  a  reference  to  the  accompanying 
figures. 

(2)  Suppose  the  Hack  to  Drive  the  Pfnum.'-*In  this  case,  the 
pins  must  be  placed  upon  the  pinion.  Hence,  the  &ces  of  the 
teeth  on  the  rack  must  be  described  by  a  ffenerating  circle,  G,  equal 
in  diameter  to  that  of  the  pitch  cirde  of  the  pinion.  The  curves 
fer  the  laces  of  these  teeth  will  thus  be  cyetoide.     The  method 
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of  desciibing  these  as  well  as  their  appearance  when  complete 
will  be  easily  understood  from  the  figure. 


CIRCL£ 


Pin  Whbbl  in  Gear  wtth  a  Rack. 


Of  Pin  Whe6l8.— Pin  wheels  are  now  seldom  used, 
except  in  clock  and  watoh  mechanism,  owing  to  a  practical  dis- 
advantage which  they  poflsess — viz.,  that  the  wheels  required  to 
gear  with  them  have  to  be  specially  designed,  and  these  ktter  can 
only  be  glared  with  one  particular  size  of  pin  wheel,  and  with  no 
other  kind  of  toothed  wheeL 
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Lecture  XIII.— Questions. 

1.  Explain  the  terms  "pitch"  (circular  and  diametral),  "pitch  circle," 
and  **  pitch  point "  as  applied  to  toothed  gearing.  State  the  relation  be- 
tween the  circular  and  diametral  pitches. 

2.  Explain,  by  aid  of  sketches,  the  meanings  of  the  terms  "face," 
"flank,"  "addendum,"  and  "clearance**  as  applied  to  toothed  gearing. 
State  the  usual  proportions  for  the  addendum  and  clearance  (side  and 
bottom)  in  terms  of  the  pitch.  What  is  the  effect  of  clearance  on  the 
action  of  the  teeth  ? 

3.  What  is  meant  by  the  pitch  of  a  tooth  in  a  spur  wheel  ?  What  are  the 
usual  forms  of  teeth  and  how  are  they  described  ?  Sketch  two  consecutive 
teeth  of  a  spur  wheel,  and  give  the  relative  proportions  of  the  different 
parts  of  a  tooth  in  terms  of  the  pitch. 

4.  Design  bv  any  method  you  know  the  tooth  of  a  spur  wheel— pitch 
=  2  inches ;  aiameter  =  7  inches ;  and  show  by  dimensions  the  correct 
proportions.    (C.  and  G.  of  L.  Mech.  Eng.  Hons.  Exam.,  1891.) 

5.  What  is  meant  by  the  term  arc  of  action  ?  State  the  usual  length  of 
arc  of  action  in  terms  of  the  pitch. 

6.  Upon  what  principle  are  teeth  of  wheels  of  the  epicycloidal  and  hypo- 
cycloidal  form  constructed  ?  Show  under  what  conditions  they  will  work 
properly.  What  fe  to  be  done  in  order  that  any  wheels  of  a  set  may  work 
accurately  together?    (S.  and  A.  A  pp.  Mechs.  Hons.  Exam.,  1893.) 

7.  lu  formmg  the  teeth  of  wheels,  the  geometrical  condition  is  that  the 
common  perpendicular  to  the  surfaces  of  two  teeth  in  contact  shall  always 
pass  through  the  point  of  contact  of  the  pitch  circles  of  the  wheels.  W^rite 
out  a  proof  of  this  general  proposition.  (S.  and  A.  App.  Mechs.  Hons. 
Exam.,  1889.) 

8.  Give  the  theory  for  constructing  teeth  of  wheels  with  radial  flanks 
which  shall  work  accurately  together,  the  distance  between  the  centres  of 
the  pitch  circles  of  two  such  wheels  beins;  24  inches,  and  the  required 
velocity-ratio  of  the  wheels  3  to  1,  find  the  diameter  of  the  rolling  circles 
for  describing  the  teeth  of  each  wheeL  (S.  and  A.  App.  Mechs.  Hons. 
Exam.,  1885.)    Ana,  IS  ins.  and  6  ins. 

9.  A  toothed  spur  wheel  is  4  inches  pitch.  Sketch  a  tooth  and  mark  on 
it  suitable  dimensions.  Draw  accurately  a  suitable  curve  for  such  a  tooth, 
taking  the  pitch  line  straight  as  in  a  rack,  and  using  a  describing  circle  of 
5  inches  radius.     (S.  and  A.  Mach.  Const.  Hons.  Exam.,  1882.) 

10.  What  geometrical  condition  must  be  satisfied  by  the  acting  surfaces 
of  the  teeth  of  a  pair  of  wheels  in  order  that  the  velocity-ratio  commuuicated 
may  be  constant  ?  Show  that  this  condition  is  fulfilled  by  epicycloidal  and 
hypocycloidal  curves. 

1 1.  Show,  bv  sketches,  what  cycloidal  curves  should  be  used  or  approxi- 
mated to  in  tne  faces  and  flanks  of  the  teeth  in  the  following  cases: — 
(a)  Pair  of  wheels  in  external  contact ;  (b)  Pinion  and  rack.  It  is  only 
necessary  to  mention  the  proper  curves,  without  attempting  to  draw  them. 
(S.  and  A.  Mach.  Const.  Hons.  Exam.,  1883.) 

12.  Define,  and  show  roushly  by  sketches,  the  following  curves: — The 
cycloid,  epicycloid,  hypocycToid,  and  involute.  Mention  one  proi)erty  of 
those  curves  which  make  them  so  useful  for  engineering  purposes.  Discuss 
the  various  particular  forms  assumed  by  those  curves  under  particular 
circumstances,  and  state  some  of  their  applications. 
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13.  Bescribe  the  form  of  Gee's  Mtent  wheel  teeth,  and  mention  what  ia 
their  advantage.     (S.  and  A.  Mach.  Const  Hons.  Exam.,  1883.) 

14.  In  whe^s  with  pins  for  teeth  the  pins  are  always  placed  upon  the 
follower ;  will  y oa  explain  this  ?  What  are  the  chief  cfuaa vantages  of  pin 
wheels? 

10.  A  toothed  wheel  drives  a  pin  wheel ;  investigate  the  proper  form  for 
the  carves  of  the  teeth.  The  diameter  of  each  pin  being  known,  how  do 
you  proceed  to  set  out  the  teeth,  preserving  their  theoretical  outline? 
sketch  the  necessary  diagram.  (S.  and  A.  App.  Mechs.  Hons.  Exam., 
1888.) 
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MCTUEB  XIV- 

Coiimils.*-PaUi  of  Contact  with  Cyebidal  TMili--Obliqai^  of  Reaetm 
— Length  of  Cycloidal  Teeth  for  given  Arcs  of  Approach  and  Reeeaa — 
Calculation  of  the  Length  of  Cycloidal  Teeth — Examples  L  and  II. — 
Diameter  of  Generating  Circle — Least  Nomber  of  Cycloidal  Teeth  to 
be  placed  upon  a  Wheel — Cycloidal  Teeth  for  Wheels  with  Internal 
Contact — Path  of  Contact  with  Internal  Gearing — ^Formulie  for  Length 
of  Teeth  of  Internal  Gearing — Questions. 

Path  of  Contact  with  Cycloidal  Teeth.— Let  the  accompanying 
figure  represent  portions  of  two  pitch  circles  with  their  addendum 


circles  and  generating  circles,  Gj,  G,.     From  the  figure,  it  will  be 
seen  that  contact  between  two  teetli  begins  at  a^  and  terminates- 


PATH  OF  CONTACT  WITH  CTCLOIDAL  TEETH.  S63 

at  ftj,  the  points  a^  and  b^  being  determmed  bj  the  ifttenectioa. 
of  the  addendam  and  generating  droles.  Daring  notktt  the 
point  of  contact  of  the  pair  of  teeth  in  qoeetioQ  travels  along  the 
curve,  a^pb,,  which  is  made  up  of  the  arcs,  ctiPypb^,  of  the  two 
geneimting  circles,  G^,  G^. 

Dbpinition. — ^The  path  a^pb^,  along  wUdi  the  point  of  contact 
of  a  pair  of  teeth  moTos,  is  culed  the  Path  of  Contact 

The  whole  path  of  contact  is  divided  at  the  pitch  point,  py  into 
two  |)arts  called,  respectively,  the  Path  of  Approach,  Oip,  and  the 
Pathof  ReeeaB,;^^!.* 

If  the  direction  of  motion  of  the  wheels  be  reversed,  then  the 
path  qfcontctei  will  be  a^pb^ 

The  path  of  contact  in  the  case  of  cjdoidal  teeth  is  always 
circular,  but  in  some  forms  of  teeth,  for  example  involute  teeth, 
the  path  of  contact  may  be  a  straight  line.  l*he  student  should 
examine  all  the  preceding  particular  cases  and  ascertain  the  nature 
of  the  path  of  contact.  He  will  then  see  that  in  teeth  with  in- 
volute £ftoee  part  of  this  path  is  a  strai^t  line. 

ObMqnitj  of  Reaction.-- We  have  seen  that  (neglecting  friction) 
the  direction  or  line  of  action  of  the  mutual  pressure,  or  reaction, 
between  a  pair  of  properly  constructed  teeth  in  contact  always 
passes  through  the  pitch  pointy  p.  The  angle  whicit  this  direction 
makes  wiUi  the  eomman  tangent  to  the  two  pitch  circles  at  their 
point  of  eoniact  is  called  the  Obliquity  of  Reaction.  Thus,  in  the 
previous  figure,  the  direction  of  the  mutual  pressure  or  reaction 
at  the  beginning  of  contact  of  a  pair  of  teeth  is  along  a^  p,  and 
at  the  end  of  contact  along  p  by  The  obliquities  of  reaction  at 
these  two  particular  points  are  denoted  by  the  angles  a^pM, 
b^p'S  respectively.  When  the  point  of  contact  of  the  teeth 
i*eaches  the  pitch  point,  p,  the  direction  of  the  reaction  is  along 
M  N,  the  common  tangent  at  p,  and  at  this  point  the  obliquity  is 
zero.  Thus,  the  obliquity  of  reaction  in  the  case  of  cycloidal 
teeth,  varies  from  a  maximum  at  the  beginning  and  end  of  contact 
of  a  pair  of  teeth,  to  zero  at  the  pitch  point     With  such  teeth, 

*The  student  must  carefully  diBtinguish  between  the  terms  path  qf 
amiatt  and  ^rc  g/  contact.  The  latter  term  refers  to  the  arc  on  either 
pitch  wrdt  turned  through  by  that  pitch  cirole  during  contact  of  a  pair  of 
teeth,  while  the  former  refers  to  the  ajcHmal  fMilA  tawraned  by  the  point  of 
contact  during  the  same  period.    Nevertheless,  it  should  be  noticed,  that 

Length  of  arc  of  c^pproadt,  epoe§p^  kngth  oipmth  of  approach,  04^. 
„         arc  of  recets,  pf  or  ph        %        „        path  qfrecest^  p  bi, 

so  that  :— 

l4Ukg^h  6t  are  qf  contact  9  Ung^k  pi  pM^eoHUneL 
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the  maximum  obliquity  should  never  be  aUoioetl  to  exceed  30*. 
Id  those  teeth  of  which  the  path  of  cootact  is  a  straight  lin^ 
the  obliqnitf  remains  constant  daring  contact,  and  should  never 
eTceed  about  15*. 

Length  of  Cycloidal  Teeth  for  given  ArcB  of  Approach  and 
BeceRS. — When  the  arcs  of  approach  and  recess  are  given  for  a 
pair  of  wheels,  we  can  then  determine  the  lengths  to  be  given  to 
the  teeth  un  the  two  wheels  respectively.  Referring  to  the  last 
figure,  let  arcs  p  e,  p/  repreeeut  the  given  lengths  of  the  aixn  of 
Approach  and  recess  respectively.  On  the  given  generating  circles, 
O,,  Oj,  cut  off  the  arcs  pa^,p  h^,  equal  in  length  respectively  to 
pi,  p/.  Through  the  pointaO],  6,  draw  the  circles  AdCb,  Ad  C^, 
about  the  centres  B  and  A  respectively.  These  are  the  addendum 
circles  for  the  two  wheels.  Afler  making  alloffances  for  bottom 
clearance,  the  root  circles,  R  C^,  R  Gg,  can  be  drawn.  From  this 
oonstrtiction,  the  sizes  of  the  teeth  on  the  two  wheels  can  be 
determined. 

Cidcalatlon  of  the  Length  of  Cycloidal  Teeth We  shall  now 

show  how  the  previous  problems  may  be  solved  by  calculation. 

In  the  accompanying  figure,  let  wheel  A  be  the  driver,  B  the 
follower,  and  Gj,  Gj  the  generating  circles.  Then  apb  is  the 
path  of  contact 

Let  Rj  =  Radius  of  pitch 
circle,  A. 

„  r,  =  Radiusof  circle,  G  J, 
used  in  describing 
./iwwofteethonA. 

„  dj  =  Addendum  of  teeth 
on  A. 

„  0,f  =  Maximum  obliqni- 
**  ties  of  action  dar- 

ing approach  and 
recess  respec- 
tively. 

„a,ff  =  Lengths  of  arcs  of 
approach  and  re- 
cess respectively. 

LsireTH  0»  CVOLOlDiL  Tbbtb. 

Then,  since  Path  of  approach  or  rteeu = Are  of  approach  or  recess. 
■  .;  a  =  arc  ap ;  and  |S  =  arc  p  6. 

Join  A  b,  Oi  h,  C  b,  and  p  b.  Draw  A  H  perpendicular  to  6  p 
[Hvduced.     Then  clearly,  ^i::: p  A  H  =  .^pCb  =  i^bpN  =  f. 
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Since  6  A  H  is  a  right  angled  triangle,  we  get : — 

A  6*  =  A  H*  +  H  6«. 
But,  A  6  =  Ri  +  a^. 

A  H  =  Rj  cos  f . 
And,  H  6  =  Hp  +  ;?  6  =  Rj  sin  f  +  2  r^  sin  ^, 

(R^  +  a^)*  =  R;  co8«  f>  +  (Ri  +  2  ri)2  sin*  (p. 
.\    RJ  +  2  Ri  a^  +  aj  =  RJ(cos«^  +  8in«  (f>)  +  4(Ri  +  r^)r^  sin«  p. 
2Eiai  +  a;  =  4(Ei  +  ri)riBin2f.   .    •    •    •       (I) 
Also,  Arc  pb  «^  r^  x  2  p. 

i.«.,  /fl  =  2  Ti  f . 

Or,  f> 


—  » J  ^  til  ff. 


(H) 


Similarly,  if  R^,  r^  d.^  apply  to  the  follower,  B. 

Then,       2Rjaj  +  aj  =  4(E2  +  r2)r2^^  6    .    .    .    .     (I.) 

Andy  a  =  2  ^2  ^ 

o. 

Or,  «  = 


\ 


(n.) 


From  these  equations  the  addenda  of  the  teeth  on  the  two  wheels 
can  he  calculated,  if  we  know  the  sixes  of  the  generatiug  circles  and 
the  arcs  of  approach  and  recess. 

When  the  wheels  are  large  we  may  neglect  a*  in  equations  (I) 
and  (I«),  since  this  quantity  will  be  small  compared  with  R,  and 
we  get  the  approximate  formulae  : — 


And,  ^^='^(^  +  £) 


aj  =  2(l  +  gi)riBln2f  ' 

y  •>  V  r  •        •        * 


r«Bin<^ 


(III) 


Again,  the  sizes  of  the  generating  circles  are  generally  stated  in 
terms  of  the  size  of  the  pitch  circles  inside  which  they  roll. 

Hence,  let: —  »'i  =  w*^  B^,  rg  =  m^  Rj. 

Where  m^  and  m.  are  fractions  seldom  greater  than  one-half. 
Then,  equations  (l)  and  (III)  become  : — 

2Biai  +  a;  =  4/n2(Bi  +  m2R2)B5ain«f  )        ^jy^ 


2R2a2  +  a;  =  ^mi(B^  +  m  i  Ri)  Ri  8ln« 
Or,  approximately,  a^  «  2  m,  (l  +  -^^^  R^  8in«  f 

a,i-2/ni(l  + -^)Ri8inN 


(V) 
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Let         p  s  Pitch  of  teeth  on  wheels. 
ff    ^v  ^2  ^  Number  of  teeth  on  respectiTe  wheels. 

Then,  R^  =  _.,  K2  =  -2^. 

And  we  get  the  following  final  equations  : — 

Or,  approximately, 

^r/iga^  =  mi(/i2  + /ifi/?i)/iipsin2tf    J   -v       ; 
And,  cr  a  =a  iWi  /li  p  n  ^VIII) 

We  would  recommend  the  student  to  use  equations  (I)  and  (II) 
in  working  out  problems,  instead  of  attempting  to  remember  all 
the  above  particular  forms  which  they  assume. 

Example  I. — The  fianks  of  the  teeth  of  a  pair  of  wheels  are 
radial.  The  number  of  teeth  on  the  wheels  are  21  and  120.  The 
addendum  to  each  wheel  is  ^jj  pitch.  Find  the  lengths  of  the  arcs 
of  approach  and  recess,  supposing  the  small  wheel  to  be  the  driver. 

Answer.— Here  w^  =  21;  Wg  =  120;  3^  =  a^  «  j^p. 

'**i"  2flr  "   2ff' 
And  R    -  ?^-£  -  ]^ 

Since  the  flanks  are  radial  r,  =  ^Rg  —    T^^' 

And  .         ^R         2^^ 

And,  ^^  ,  ^R^  ^  _., 

From  equation  (I),  we  get : — 

2  Ri  a^  +  af  =  4  (Ri  +  rj)  rj  sin^  p, 

2  X  ?^  X  ij^  +^  =  4(^  +  l^\  X  HO^sin^^ 
2-T        10        100  V2flr4fl'/         4^  ^ 

.    2x21x3x^^9  x2c^        _^       AH    •   2. 
•  • jQ +  — jttq —  =  162  x  60  sm*  p, 

sin  p  =  -0652. 
Or,  p  =  31°,  nearly  =  '065  radian. 


•  • 
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Hence,         Arc  of  recess  =  /9  ==  2  r^  ^ 

„         =  2  X        ^  X  -065  =  l-25p,  nearly. 

Next,  to  find  the  arc  of  approach. 
From  equation  (!«  ),  we  get : — 

2  Rj  a^  +  ai  =  4  (Rj  +  rj)  Va  sin*  &. 

••      "''2T''l0^100"*\2-s-+4cy/        4cr'''^*'' 

/.  2x12x3x2^+  ^-^Q^=  261  X  21  sin*  I 

sin  &  =  -2885. 

^  =  16f  nearly  =  -292  radian. 

Ifonce^     Arc  of  approach  =  a  =  2  ro  ^ 

21  V 
=  2  X  -j-;f  X  -292  =  -976  p,  nearly. 


>i 


Had  we  n^lected  a'  in  the  above  solution,  and  taken  the  ap- 
proximate formulae  (III),  we  would  have  got : — 

sin  f  =  -0638,  instead  of  -0652. 

Now  the  difference  in  those  two  angles  is  only  about  5  minutes, 
the  lirMt  sine  corresponding  to  an  angle  of  3*  39',  the  seoond  corre- 
sponding to  an  angle  of  3*  44'. 

Again,  the  exact  value  of  (^  is  16*  46',  while  the  appix>ximate 
value  (neglecting  c^)  would  be  16"*  42'. 

Had  we,  therefore,  asHunied  the  approximate  formulae  the  results 
would  practically  not  have  been  different  from  what  we  have  ju.st 
obtained. 

Example  II. — In  Example  I.,  find  the  addenda,  when  the  arcs 
of  approach  and  recefw  are  each  equal  to  half  the  pitdi. 

AN8WBK.-Here.  .^.^Ip. 

From  equation  (lU  ),  we  get: — 

f  3 


2r,       _    21;>       21 
4t 


2  X 
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sin  ^  =  'Hi), 


•  • 


And  from  II, 


•  • 


f~2r,      „      120;>~120* 
^   =  120  '^  ^"  =  1  ^^• 


Or,  sin  ^  =  0262. 

Henoe,  taking  the  approximate  formula:  (III),  we  get : — 

«i  =  2  (l  +  g»j  r,  sin*  p 
•       »-2(l  +|f)^x  •0262»=-05p. 
Similarly,  3j  =  2  fl  +  g^)  ♦'2  sin*  tf. 

In  this  example  we  might  have  further  simplified  our  calcula- 
tions by  writing  sin  ^  =  ^  and  sin  f  —  ff,  since  these  angles  are 
very  small.  Doing  this  and  combining  equations  (I)  and  (II),  we 
get  the  following  approximate  formulae  : — 

Substituting  for  a,  /8,  R^,  E^  r^  r^,  we  get :— 

which  are  exactly  the  same  results  as  before. 

Diameter  of  Generating  Circle. — ^We  have  already  had  instances 
of  the  effects  produced  on  the  form  of  <^loidal  teeth,  by  the  size 
of  the  generating  circle  employed.     We  have  seen  that  if  the  size 


(IX) 
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of  the  generating  circle  be  half  that  of  the  pitch  circle  inside  which 
it  rolls,  the  flanks  of  the  teeth  so  described  are  radial.  If  the 
generating  circle  be  larger  than  this^  the  flanks  described  by  it 
will  be  undercut  and  com- 


\ 


Invluknce  of  Sizk  or  Gkneratiko 

GiBCLB  ON  THE  FORM  OF  TeBTH. 


paratively  weak  at  the 
roots.  The  accompanying 
figure  illustrates  the  in- 
fluence of  the  size  of  the 
generating  circle  on  the 
form  of  the  teeth.  The 
flanks  of  the  teeth,  A,  B, 
and  C,  are  described  by 
generating  circles,  having 
respectively  diameters  less 
than,  equal  to,  and  greater 
than  the  radius  of  the 
pitch  circle.  From  these 
figures  it  is  evident  that 
the  generating  circle  em- 
ployed in  describing  the 
flanks  of  the  teeth  on  a 
wheel  should  never  have 
a  diameter  greater  than 
half  that  of  the  pitch  circle 
of  the  wheel. 

If  a  set  of  wheels,  such  as  the  change  wheels  for  a  screw- 
cutting  lathe,  have  to  gear  together  in  diflerent  arrangements,  it  is 
clear  that  the  same  generating  circle  must  be  used  for  describing 
both  faces  and  flanks  of  the  teeth  of  every  wheel  in  the  set  Thia 
being  the  case,  it  follows  from  what  has  been  said  above  that  th& 
diameter  of  the  generating  circle  employed  in  describing  the  facea 
and  flanks  of  the  teeth  of  a  set  of  wheels  mast  not  be  greater 
than  half  that  of  the  pitch  circle  of  the  smailest  wheel  in  the  set,, 
otherwise  the  flanks  of  the  teeth  on  the  smailest  wheel  would  be 
undercut  and  weak  at  the  roots.*  Since  it  is  desirable  to  have  as 
large  a  generating  circle  as  possible,  it  is  usual  to  construct  the 
teeth  on  the  smallest  wheel  with  radial  flanks.  T/ie  size  of  the 
generating  circle  must  then  have  a  diameter  equal  to  Hie  radius  of 
the  smallest  wlieel  in  the  set. 

Least  Number  of  Cycloidal  Teeth  to  be  placed  upon  a  Wheel — 
It  has  been  pointed  out,  that  with  any  pair  of  wheels  gearing 
together,  there  should  never  he  fewer  tJian  tux>  pairs  of  consecutive 

*  Cases  are  not  wanting  where  the  flanks  have  been  described  by  a 
generating  circle  larger  than  the  radias  of  the  pitch  circle ;  bnt  in  such 
cases  fillets  are  made  at  the  roots  in  order  to  strengthen  the  teeth. 
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teeth  in  action  at  any  time,  and,  further,  that  Uu  maatiimum 
obliquity  of  reaction  should  never  exceed  30*,  in  the  case  of 
cycloidal  teeth.  These  conditions  being  premised,  it  is  easy  to 
determine  the  least  number  of  teeth  which  must  be  placed  upon 
the  smallest  wheel  of  a  set. 

Let  A  be  the  centre  of  the  pitch  circle  of  the  smallest  wheel  ia 
the  set ;  G  the  generating  circle,  the  diameter  of  which  is  half  that 
of  pitch  circle,  A. 

Let  contact  between  a  pair  of  teeth  begin  at  a,  then  .^aplf 
=>  30^  When  one  pair  of  teeth  are  in  contact  at  a,  the  preceding 
consecutive  pair  will  be  in  contact  at  the  pitch  |)oint,  p»  Make 
arc  pe  =  arc  p a.  Then  in  this  case, pein  the  arc  of  approach, 
and  is  equal  to  the  pitch  of  the  teeth.     Join  A  e.     This  line  will 
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pass  through  the  point  a ;  hence,  it  is  easr  to  see  that  .^ pAe 
^  .t^apN  *  30^.     We  then  get  :— 

Arc  pe  =  arc  of  30°  on  pitch  circle  A, 

"       ""  tV  ^^  circumference  of  pitch  circle  A. 
But  arc  />  e  =  pitch  of  teeth, 
.'.     Pitch  of  teeth  =  y\j-  of  circumference  of  pitch  circle  A, 

i.e,  the  least  number  of  teeth  on  the  smallest  wheel  of  a  set  must 
be  12. 

In  a  similar  way,  it  can  be  shown  tliat  the  least  niimbdr  Of  pi&8 

to  be  placed  upon  a  pin  or  lantern  wheel  Is  6. 

Cycloidal  Teeth  for  Wheels  with  Internal  Contact.— Let  A  be 
the  centre  of  an  internal  toothed  wheel ;  B  the  centra  of  a  pinion 
gearing  with  wheel  A.  The  faces  of  the  teeth  on  A  and  the  flanks 
of  the  teeth  on  B  are  described  by  the  same  generating  circle,  Gj, 
while  the  flanks  of  the  teeth  on  A  and  the  faces  of  the  teeth  on  d 
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are  described  by  the  generating  circle  G^.  Since  the  faM8  of  the 
teeth  on  an  internal  toothed  wheel  lie  vmide  the  pitch  surfiu^e, 
and  the  Jlanks  outnde  the  pitch  surface,  it  is  clear  that  the  curves 
for  the  former  are  arcs  of  kypocydoids  obtained  by  rolling  G^  inside 
the  pitch  circle  A,  while  the  curves  for  the  flanks  ate  tpie^tioids 
obtained  by  rolling  Gj  outside  the  pitch  circle  A.  Hence,  the 
curves  for  the  faces  of  the  teeth  on  A  and  the  flanks  of  the  teeth 
on  B  are  hypocycloids,  while  the  curves  for  the  flanks  of  the  teeth 
on  A  and  the  faces  of  the  teeth  on  B  are  epicycloids.     The  size  of 


CtOLOIDAL  TbITH  IOK  WhULS  with  INTBR5AL  COKTAGT. 

generating  circle,  G^,  must  not  exceed  half  that  of  pitch  circle  of 
the  pinion,  B,  otherwise  the  i*oots  of  the  teeth  on  the  pinion 
will  be  undercut  and  weak.  The  size  of  generating  circle,  Gj, 
may  be  anything  we  like,  since  the  curves  described  by  it  on  both 
pitch  circles  are  epicycloids. 

Path  of  Contact  with  Internal  Geaiing.~Let  PC,  Ad C,  and 
RC,  with  the  suffixes  A  and  B,  denote  the  pitch,  addendum, 
and  root  circles  of  wheels  A  and  B  respectively.  Let  the  pinion 
be  the  driver.  Contact  between  a  pair  of  teeth  begins  at  a,  the 
point  of  intersection  of  circles  G^  and  Ad  C^,  and  terminates  at  6, 
the  point  of  intersection  of  circles  G^  and  Ad  Cb  ;  ap6  is,  there- 
fore, the  path  of  contiict.  If  the  annular  wheel  were  the  driver, 
then  the  curve,  a^  p  6j,  would  i^present  the  path  of  contact, 
the  direction  of  motion  being  the  same  as  before.  The  student 
should  experience  little  difliculty  in  applying  all  the  preceding 
principles  to  internal  toothed  gearing  if  he  has  followed  intelli- 
gently what  has  already  been  said  regarding  wheels  with  external 
contact. 

Formnlss  for  Length  of  Teeth  of  Internal  Gearing. — The  student 
should  now  prove  the  following  formulse  for  internal  gearing,  the 
method  of  arriving  at  the  results  being  similar  to  that  previously 
given. 
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(1)   When  the  Pinion  is  t/ie  Driver. 

For  Pinion:—  2Ri^i  +  3J  =  4(Ri  +  ri)  ri«n«9 

And,  2  r^  9  »  /8. 

For  Annular  Wheel,  2'Bi,^h.,'IS^^  ^  ^{BL^-ri^r^woi^^ 

And,  2r2^  =  OK* 

(2)  When  the  Pinion  is  tJiS  Follower, 
For  Pinion:—  2K^h.,  +  ^^  =  4  (R.  +  r2)ro8in«tf 

And,  2  r2  ^  =  a. 

For  Annular  Wheel,   2Ridi-5J  =  4  (Ri-ri)riBln«^ 

And,  2rif  =  /3. 

The  various  symbols  have  the  same  meanings  as  before. 


Annular  Whbbl  and  Pinion  vnm  Cycloidal  Teeth. 
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Lkctubb  XIV.— Questions. 

1.  DiBtinguiBh  between  the  terms  arc  of  approach  or  recess  and  path  qf 
approach  or  recess.    Given  the  pitch  circles  of  a  pair  of  wheels,  sizes  of 

generating  circles,  and  arcs  of  approach  and  recess,  show  by  a  constmction 
ow  to  set  oat  the  path  of  contact. 

2.  Upon  what  principle  are  teeth  of  wheels  of  the  epicycloidal  and  hypo- 
cycloidal  form  constmcted  ?  Show  under  what  conditions  they  will  work 
properly.  What  is  to  be  done  in  order  that  any  wheels  of  a  set  may  work 
accurately  together?    (S.  and  A.  Hons.  Exam.,  1893.) 

3.  In  the  consideration  of  the  form  suitable  for  the  teeth  of  spur  wheels, 
state : — (a)  What  geometrical  condition  should  be  satiidSed  as  to  the  position 
of  the  common  normal  at  the  point  of  contact  of  two  teeth,  and  explain 
why  that  condition  should  be  satisfied ;  (&)  within  what  limits  it  is  desirable 
to  keep  the  obliquity  of  the  line  of  action  of  the  pressure  between  two  teeth, 
and  wnjr  within  those  limits ;  (c)  the  least  number  of  pairs  of  teeth  whioh 
it  is  desirable  should  be  engaged  at  the  same  time.  Explain  also  {d)  why 
it  is  undesirable  that  the  action  between  two  teeth  should  extend  far  from 
the  pitch  point.  By  a  graphical  construction,  determine  the  arc  of  action, 
and  the  greatest  obliquity  of  the  line  of  action  of  a  pair  of  cycloidal  teeth, 
according  to  the  following  data,  and  state  how  many  pairs  of  teeth  will  be 
in  action  at  the  same  time : — Pitch  of  teeth  =  2  inches ;  number  of  teeth  in 
wheels  =  30  and  50 ;  diameter  of  rolling  or  describing  circles  =  8}  inches ; 
addenda  of  teeth  =  |  inch.  (S.  and  A.  Mach.  Const.  Hons.  Exam.,  1892.) 
Arts.  4  inches;  13 '5*";  3. 

4.  Show  by  construction  how  you  would  determine  the  correct  form  for 
the  teeth  of  a  spur  wheel  4  feet  in  diameter.  The  diameter  of  the  smallest 
wheel  in  the  train  being  8  inches,  what  sized  rolling  circle  would  you  use  ? 
(C.  and  G.  Mech.  Eng.  Ord.  Exam.,  1892.)    Ans.  4  inches. 

5.  A  pair  of  wheels  have  25  and  130  cycloidal  teeth  respectively.  Find 
the  addendum  of  each  wheel,  that  the  arcs  of  approach  ana  recess  may  each 
be  equal  to  the  pitch,  the  flanks  being  radial.    Ans,  *Vlp\  *28  p. 

6.  The  diameter  of  the  pitch  circle  of  an  annular  wheel  by  means  of 
which  a  water-wheel  communicates  motion  to  a  mill  is  to  differ  as  little  as 
possible  from  24  feet.  The  pitch  of  the  teeth  is  to  be  4  inches.  Find  actual 
diameter  and  number  of  teeth.  If  the  velocity  of  the  periphery  be  51  feet 
per  second,  and  the  pinion  in  gear  with  the  wheel  is  required  to  make  30 
revolutions  per  minute,  find  the  necessary  diameter  of  the  pinion  and  the 
number  of  teeth.  Agson,  if  both  faces  and  flsnks  of  all  the  teeth  be  de- 
scribed by  a  constant  generating  circle  12  inches  in  diameter,  find  the  arcs 
of  approach  and  recess,  the  aodendum  of  both  wheels  being  1^  inches. 
Ans.  23-98  ft.;  226  teeth;  3*5  ft;  33  teeth;  a  =  3*42  ins.;  /9  s  3*96  ins. 
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LECTURE  XV. 

OoNTBiVTS.— Inyolnte  Teeth — Size  of  Base  Circle  to  be  employed— Lea^h 
of  Involute  Teeth  forgiven  Arcs  of  Approach  and  Recess —Calcalation 
of  the  Length  of  Involute  Teeth — Least  Number  of  Involute  Teeth  to  be 
placed  upou  a  Wheel— Rack  and  Pinion  with  Involute  Teeth — Wheels 
with  Involute  Teeth  and  Internal  Contact— Calculations  for  Involute 
Teeth  with  Internal  Contact — Examples  I.  and  II. — Bevel  Wheels- 
Teeth  of  Bevel  Wheels — Mortice  Wheels — Gear  Cutting  Machine- 
Questions. 

Involute  Teeth. — In  a  previous  Lectui*e  we  have  shown  that 
an  involute  curve  is  a  particular  case  of  an  epicycloid,  and  with 
those  particular  conditions  we  have  had  instances  of  teeth  with 
involute  faces.  But  no  case  has  yet  V^een  considered  wherein  both 
faces  and  flanks  are  involute  in  form.  Involute  teeth — i,e.j  those 
forms  of  teeth  whose  faces  and  flanks  are  described  by  involutes  of 
circles — possess  certain  peculiar  properties,  and  on  that  account 
may  be  studied  as  a  class  independent  of  all  other  forms. 

In  this  Lecture,  we  shall  tirst  show  that  the  involute  form  of 
tooth  satisfies  all  the  primary  conditions  for  correct  working,  and 
we  shall  thereafter  explain  its  unique  properties. 

In  order  to  properly  understand  what  follows,  we  shall  first 
explain  how  an  involute  curve  can  be  drawn. 

Let  C  represent  the  centre  of  a  thin  pulley  with  a  fine  string 
wound  round  its  circumference.     Fix  a  sheet  of  drawing  paper  to 

one  of  the  faces  of  the 
pulley,  and  tie  a  pencil,  P, 
to  the  free  end  of  the 
string.  By  keeping  the 
string  taut  and  unwind- 
ing it  from  the  pulley,  the 
pencil  at  P  will  trace  on 
the  drawing  paper  the  in- 
volute, A  P. 

For  our  present  purpose 
it  is  much  better  to  con- 
ceive the  curve  described 
in  the  following  manner  :  — 

Let  the  pulley  and  its  attached  paper  be  capable  of  turning 
round  C  as  an  axis.  Take  hold  of  the  pencil,  P,  and  pull 
it  along  the  straight  line,  BP.     By  this  means  the  pulley  and 
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paper  will  be  made  to  rotate  about  C,  while  the  pencil  will  traoe 
out  the  involute,  A  P,  on  the  moving  paper  just  as  before. 
Similarly,  if  the  string  be  wound  on  to  the  pulley,  by  rotating  the 
pulley  and  the  paper,  the  pencil  will  retrace  the  curve  P  A,  if  P 
be  made  to  move  iu  the  direction,  P  B. 

The  circle  of  which  the  curve  is  the  involute  is  called  the  Ixue 
circle. 

In  the  next  figure,  let  the  dotted  circles  represent  the  pitch 
cii-cles  of  a  pair  of  wheels  in  gear. 

With  A  and  fi  as  centres, 
describe  the  circles  CaE, 
D  6  F,  of  such  sizes  that 

AC  :BD  =  Ap:Bp. 

These  are  the  base  circles 
for  the  pair  of  wheels. 

Now  imagine  these  base 
cii-cles  to  represent  pulleys 
over  which  a  crossed  string, 
ODFE,  is  stretched.  Then, 
clearly,  the  motion  trans- 
mitted by  means  of  these 
pulleys  and  the  crossed 
string  will  be  identically 
the  same  as  that  obtained 
by  the  rolling  of  the  pitch 
cii*c]e8. 

Suppose  a  sheet  of  paper 
to  be  fixed  to  pulley.  A, 
and  capable  of  ix>tat]ng 
with  it.  Then  a  pencil,  P, 
anywhere  on    the    string, 

C  D,  will,  during  rotation  in  the  direction  shown,  describe  the 
involute,  a  P,  on  the  rotating  paper.  The  curve,  a  P,  is  an 
involute  to  the  base  circle,  CaE.  Similarly,  by  supfxising  a 
sheet  of  paper  to  have  been  fixed  to  pulley,  B,  the  pencil 
would  have,  simultaneously  described  the  involute,  6  P,  to  the  base 
circle,  D  6  F. 

The  two  involutes,  aP,  6P,  being  simultaneously  described 
by  the  tiucing  point,  P,  will  always  be  in  contact  at  that  point, 
and  have  a  common  normal,  C  D.  The  locus  of  P  is  C  D,  and 
therefore  the  common  normal  always  passes  through  the  pitch 
point,  p.  Hence  the  principal  condition  for  the  carves  of  all 
properly-constructed  teeth  is  satisfied  by  involutes  traced  in  the 
above  manner. 


Tbaciko  the  Curves  for  iNvoLim 

Teeth. 
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By  fixing  a  pencil  to  the  string,  E  F,  and  proceeding  as  before, 
the  carves  for  the  opposite  working  surfaces  of  the  teeth  can  be 
drawn. 

To  complete  the  curves  representing  the  working  sui*faces  of  the 
teeth,  it  is  only  necessary  to  describe  the  addendum  and  root 
circles ;  the  parts  of  the  involutes  intercepted  between  these  circles 
will  represent  the  acting  surfaces  of  the  complete  teeth. 

The  following  properties  of  involute  teeth  should  be  noted  : — 

(1)  Both  face  and  flank  of  an  imvclute  tooth  form  one  conHntioiis 
curve. 

On  this  account  it  will  be  much  easier  to  set  out  the  curves  for 
involute  teeth  than  for  cycloidal  teeth,  since,  in  the  latter,  the 
curves  for  face  and  flank  are  always  of  opposite  convexity. 

(2)  With  involute  teeth  the  centres  of  the  wheds  can  be  pushed 
further  apart  or  hrougJU  closer  together  withaut  affecting  their 
vehcity-ratio  or  smoothness  of  action. 

This  is  a  most  valuable  and  unique  property  of  such  teeth. 
The  reasons  for  this  property  will  be  apparent  from  an  inspection 
of  the  previous  figure.  Pushing  the  wheels  further  apart,  or 
bringing  them  closer  together,  alters  the  sizes  of  the  pitch  circles 
without  altering  their  ratio,  but  does  not  alter  the  sizes  of 
the  base  circles,  and,  therefore,  does  not  affect  the  curvature  of 
the  involutes.  It  does,  however,  affect  the  direction  of  the  normal 
thrust  between  the  teeth.  The  direction  of  this  thrust  is  always 
along  the  common  tangent  to  the  base  circles.  More  will  be  said 
about  this  immediately. 

(3)  All  wheels  with  involute  teeth  of  equal  pitch  and  obliquity  of 
action  work  accurately  with  etzch  other. 

The  reasons  for  this  will  also  be  apparent  from  what  has  just 
been  said. 

From  the  above  properties  it  will  be  seen,  that  involute  teeth 
are  singularly  well  suited  for  most  purposes,  and  in  our  opinion  it 
would  be  well  if  engineers  would  universally  adopt  this  form,  and 
thus  save  endless  expense  and  trouble  in  patterns,  &c.  As  matters 
now  stand,  each  maker  of  toothed  wheels  has  his  own  method 
of  constructing  the  teeth ;  the  result  being,  that  the  wheels  of 
one  maker  will  not  work  correctly,  nor  approximately  correct, 
with  those  of  equal  pitch  by  other  makers.  The  same  state  of 
afi&urs  with  regard  to  screw  threads  existed  prior  to  the  estab- 
lishment of  a  standard  thread  by  the  late  Sir  Joseph  Whitworth. 
At  that  time,  if  the  nut  of  a  bolt  were  lost,  it  was  ten  chances 
to  one  if  another  could  be  found  to  fit  it,  with  the  result  that 
many  good  bolts  had  to  be  thrown  intoi  the  scrap  heap  for  want  of 
nuts.  The  nuts,  too,  were  of  all  sites,  «ven  for  the  same  size 
of  bolt,  and  as  a  consequence  every  fitter  had  to  be  sup^died 
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with  a  multitude  of  spaoners  whenever  he  had  a  series  of  bolts  to 
deal  with. 

One  objection  which  has  been  utged  by  some  engineers  against 
involute  teeth  is  the  normal  thrust  between  the  teeth,  which  is 
always  constant  in  direction,  and,  being  oblique  to  the  common 
tangent  at  the  pitch  point, 
tends  to  push  the  wheels 
out  of  gear.  We  are  of 
opinion,  however,  that  too 
much  importance  has  been 
attached  to  this;  for,  if 
the  obliquity  of  reaction 
be  kept  less  than  15*,  no 
very  serious  results  will 
follow.  With  cycloidal 
teeth,  the  obliquity  of  re- 
action varies  from  zero, 
when  the  pair  of  teeth  are 
in  contact  at  the  pitch 
pointy  to  a  maximum,  when 
the  teeth  are  just  begin- 
ning or  just  ending  con- 
tact. 

Size  of  Base  Circle  to 
be  employed. — ^We  have 
shown  that  the  line  of 
action  of  a  pair  of  involute 
teeth  in  contact  is  always 

along  a  common  tangent        ^^^  ©»  Bask  Cibcle  for  Involuti 

to  the  base  ciicle&     The  Tucth. 

direction  of   the   mutual 

thrust,  or,  in  other  words,  the  obliquity  of  reaction,  is  constant. 


Let 


99 


99 


R  =  Thrust  between  a  pair  of  teeth  in  contact 
tf  =  Obliquity  of  reaction  =  -di:  D  p  N. 
Bj  Kj  =  Badii  of  pitch  circles,  A  and  B. 


r^r^^ 


9t 


base 


ff 


» 


Then, 


Component  of  B  along  M  N  «  B  cos  tf. 
ComponerU  of  B  oJUmg  A  B    »  B  sin  tf. 


The  former  of  these  represents  the  effective  pressure  causing 
motion,  while  the  latter  tends  to  throw  the  wheels  out  of  gear,  and 
has,  therefore,  to  be  resisted  by  the  bearings  at  A  and  B.  To 
reduce  this  separating  force  to  a  minimum,  ^  must  be  made  as 
small  as  poesiUe.     In  practice,  ^  never  exceeds  14^*  or  15". 


280 


LECTURE  XV. 


Taking  ^  at  1 5*,  we  can  easily  calculate  the  size  of  base  circle 
for  any  given  size  of  pitch  circle. 

Referring  to  the  above  figare,  we  see  that : — 


Hence^ 


Bat, 


j>  AC  =  -^]t)BD  =  6. 

Tj  =  Rj  cos  6. 

Tg  =   R2  COS  6. 


63 


cos  tf  =  COS  15'  =  '966  or  ^^,  nearly. 


65 


(I) 


63 


Or,     Diameter  of  base  circle  =  ^  (diameter  of  pitch  drde). 

Length  of  Involute  Teeth  for  given  Arcs  of  Approach  and 
Recess. — With  involute  teeth  the  path  of  contact  is  a  straight 
line,  which  is  a  tangent  to  the  base  circles.  In  the  accompanying 
figure  (which  is  much  exaggerated  for  the  sake  of  clearness)  three 
pairs  of  teeth  are  shown  in  contact.    One  pair  is  beginning  contact 


Lbvoth  of  Involute  Teeth  fob  given  Abob  of  Approach 

AND  Recess. 

at  0,  a  second  pair  is  in  contact  at  the  pitch  point,  p,  while  the 
third  pair  is  terminating  contact  at  D.  Contact  cannot  commence 
before  0,  nor  be  carried  beyond  D.  If,  therefore,  the  maximum 
length  of  contact  be  utilised^  then  the  addendum  circles  for  A  and 
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B  must  be  drawn  through  the  points  D  and  C  respectively.  After 
allowing  for  bottom  clearance^  the  root  circles,  R  Cj^,  K  Cb,  can 
be  drawn. 

From  the  figure  it  will  l>e  seen,  that  the  root  circles  fall  inside 
the  base  circles  and  are  concentric  with  them.  Now  the  carves 
forming  the  working  surfaces  of  the  teeth,  being  involutes  of 
the  base  circles,  do  not  pass  beyond  those  base  circles,  and  con- 
sequently those  parts  of  the  roots  of  the  teeth  lying  between  the 
base  and  root  circles  must  be  formed  by  some  line  straight  or 
curved.  Since,  however,  those  parts  are  not  portions  of  the 
working  surfaces  they  are  usually  made  straight  and  radial. 

If  arc  ep  =  arc  t/p  =  arc  of  approach,  and  arc  p/  =  arc  ph 
=  arc  of  recess,  then,  manifestly,  6,  /,  ^,  and  h  are  points  of  inter, 
section  of  the  curves  of  the  teeth  with  the  pitch  circles. 

We  are  now  able  to  find 
the  addenda  of  the  teeth 
for  given  arcs  of  approach 
and  recess ;  or  conversely, 
to  find  the  arcs  of  approach 
and  recess  when  the  ad- 
denda of  the  teeth  are 
given. 

Draw  the  pitch  circles 
for  the  two  wheels. 
Through  p  draw  the  line 
of  mutual  predsure,  C  D, 
making  an  angle,  ^,  with 
M  N.  As  already  ex- 
plained, ^  should  not  ex- 
ceed ly.  With  A  and 
B  as  centres  draw  the  base 
circles  tangential  to  G  D. 
Along  pitch  circle  A  set 
off  arc  pe  equal  to  given 
arc  of  approach,  and  on 
pitch  circle  B  set  off  arc  p  h 
equal  to  given  arc  of  re- 
cetts.  Join  A  0^  B  A.  These 
radii  cut  the  base  circles 
at  c  and  d  respectively.  Then  arc  e  m  is  the  arc  turned  through 
by  base  circle.  A,  during  approach,  while  arc  nd'xA  the  arc  tamed 
through  by  base  circle,  B,  during  recess. 

Along  C D  set  off /> a  =  arc  c m,  and  ph  ^  arc  dn.  Then  the 
straight  line  ap  6  is  the  path  of  contact. 

Through  h  and  a  draw  the  addendum  circles  as  ahowiL  After 
allowing  for  clearance  the  root  circles  can  be  drawn  in. 


To  FxisD  THE  Addenda  of 
Involute  Tebth. 
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The  solution  of  the  coDverse  proposition  shonld  not  present  much 
^lifficultj  to  the  student. 

Galcnlation  ot  the  Length  of  Involate  Teeth.— Suppose  wheel  A 
to  be  the  driver. 

Let  Rj,  R2  =  Eadii  of  pitch  circles  of  wheel  A  and  B. 
n^)  ^2  ^  Number  of  teeth  on  „  n 

p  =  Pitch  of  teeth, 
dj,  ^2  =  Addenda  of  teeth  on  A  and  B. 
a,  /9  =  Arcs  of  approach  and  recess  respectively. 
0  =  Obliquity  of  mutual  pressure. 

BeferriDg  to  the  previous  figure,  join  A  to  b,*  then,  A  6  C  is  a 
right-angled  triangle. 

A62  =  A02  +  06«. 
But>  A  6  =  Ri  +  ip 

A  C  =  R|  cos  ^, 

Andy  06  =  Cjp+j[>6  =  Ri  sin  ^  +  jt)  ft. 

Now,  ph  =  path  of  recess 

„    =  arc  n  c^  of  base  circle  B. 

Arc  n  d       Radius  of  base  circle  B 
'  Arc  p  h~  Radius  of  pitch  circle  B  ~ 

Arc  nd  =:  fl  cos  ^. 

C  6  =s  R^  sin  ^  +  /8  cos  tf. 
(Ri  +  d^Y  =  ^1  ^s*  ^  +  (Rj  sin  tf  +  /8  cos  6)K 
2B,^d^  +  a*  =  2Ri/3sintfcostf  +  /S^cos^tf 
„  =  Rj  /8  sin  2  ^  +  /8*  cos*  ^. 


^}    r      ,      (II) 

a  J 


Or,  2  B^  d^  +  a;  =  (B^  sin  2  ^  +  /3  cos*  6)  /S 

Similarly,  2^2^^+  ^^^  (EL^Bm2  6  +  a  cos*  &) 

Generally  d  is  small  compared  with  R,  therefore  we  may  neglect 
d*,  and  we  get  the  approximate  formulsB  : — 

2Riai  =  (Bi8in2^  +  /8eos«tf)/5  | 

2^2^!' =  (^Sin2tf  +  aC08«tf)a  /       '  ' 

*  The  line  A  6  has  been  accidently  omitted,  and  the  student  should  now 
dnw  it  QB  the  figure  before  proceeding  fiirther. 
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Again,  since 


n.'p 


w.,;> 


R,  =  ^ ,  R,  =  ^,  and  usuallv  tf  =  \b\ 
sin  2  ^  =  sin  30°  =  \ 


And,  cos2  tf  =  C082  15°  =  ^  "^  ^ 

4 

Making  these  sabstitutions  in  (III)i  we  get : — 


Similarly, 


\  «rf  V*  it 

.,     =(^+2-93u)a 


2  +  V3 


')- 


3-732  X  31416\ 


Least  Number  of  In- 
volate  Teeth  to  be  placed 
upon  a  Wheel. — Let  A  and 
B  be  the  centres  of  a  pair 
of  wheels  in  gear.  Set  ont 
the  obliquity  line,  0  D, 
making  an  angle,  tf,  with 
the  common  tangent,  M  N, 
to  the  pitch  circles.  Draw 
the  base  circles  tangential 
to  C  D.  Then  C  D  is  the 
maximum  length  of  path 
of  contact. 

Let  R  be  the  smaller 
wheel,  then  ^  D  is  less  than 

Now,  in  order  that  there 
may  not  be  less  than  two 
pairs  of  teeth  in  contact 
at  any  instant,  it  is  clear 
that  if  one  pair  of  teeth 
be  just  ending  contact  at  D, 
anotlnr  pair  must  be  jnst 


■; 


/S 


(IV) 


To  Find  thb  Least  Nuubxb  of 
Ihvolute  Tketh  for  a  Wrskl. 
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begiDDing  contact  at  some  point  near  C,  while  an  intermediate 
pair  is  in  contact  at  p. 

Let  r  =»  Radius  of  base  circle  of  smaller  wheel  B. 
jf    n  —  Least  number  of  teeth  on     „  „ 

Then  the  minimum  number  of  teeth  on  B  will  occur  when  the 
whole  path  j9  D  is  utilised  and  when  3  has  its  maximum  value. 

Hence,        n  x  pD  =  Circumference  of  base  circle  B  =  2  err, 

But^  ;?  D  »  B  D  tan  ^  «  r  tan  ^. 

n  r  tan  ^  =  2  t  r. 

tan  6 

Since  &  must  not  exceed  15**,  we  get : — 

2  X  3-1416      «^^, 

"  =       >2679       =  2^"^5- 

t.6.,  The  leaH  number  qf  involuU  teetf^  to  be  placed  upon  a  wheel 
u24. 

Rack  and  Pinion  with  Involnte  Teeth. — ^When  a  pinion  with 
involute  teeth  has  to  gear  with  a  rack,  then  the  teeth  of  the  latter 


Rack  and  Piniok  with  Involute  Teeth. 

must  also  be  involute.   Now,  the  pitch  circle  of  the  rack  is  infinite 
in  size,  hence  its  base  circle  is  also  infinite  in  size,  and,  therefore^ 
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the  iovolute  correspondiug  to  it  will  be  a  straight  line.  Hence, 
t))e  face  and  flank  of  a  tooth  on  the  rack  will  be  a  straight 
line. 

Since  the  working  sni-face  of  the  teeth  during  contact  must  be 
perpendicular  to  the  line  of  obliquity ;  and,  since  this  line  makes 
an  angle  of  about  15"*  with  the  common  tangent  to  the  pitch 
circles,  it  follows  that  the  working  surfaces  of  the  teeth  on  the 
rack  (being  straight)  make  constant  angles  of  75**  with  this 
common  tangent.  And  clearly,  in  the  case  of  a  rack  and  pinion, 
the  common  tangent  coincides  with  the  pitch  line  of  the  rack. 

The  previous  figure  represents  a  rack  and  pinion  with  in- 
volute teeth. 

Wheels  with  Involute  Teeth  and  Internal  Contact. — Dmw  the 
pitch  circles  of  the  annular  wheel,  A,  and  its  pinion,  B.  Let  M  N 
be  the  common  tangent  to 
the  pitch  circles  at  the  pitch 
point,  p.  Through  p  draw 
the  obliquity  line,  OpE, 
making  an  angle,  ^,  with 
MN. 

From  A  and  £  draw  the 
perpendiculai*s  AC,  B D 
upon  C  E.  These  are  radii 
of  the  base  circles  for  wheels 
A  and  £  respectively. 

Next  draw  in  the  ad- 
dendum circles  for  the  two 
wheels  as  indicated.  Let 
these  circles  intersect  the 
obliquity  line  in  the  points 
a  and  h  respectively.  Then, 
for  the  direction  of  motion 
shown  in  the  figure,  a  h  will 
be  the  path  of  contact,  ap  the  path  of  approach,  and  ph  the  path 
of  recess. 

The  preceding  principles  for  wheels  with  external  contact  apply 
equally  to  the  case  of  wheels  with  internal  contact,  so  that  the 
student  should  not  experience  much  difficulty  in  applying  them. 
He  should,  however,  note  that  the  base  cirole  for  the  annular 
wheel  must  be  less  than  its  addendum  circle,  which,  in  this  case, 
is  inside  the  pitch  circle. 

Calculations  for  Involute  Teeth  with  Internal  Contact— The 
student  should  now  prove  the  following  formulie  for  internal 
gearing,  the  method  of  arriving  at  the  I'esults  being  similar  to 
that  previously  given. 


Wheeus  wrTH  Involute  Teeth 
AMD  Intbbnal  Contact. 
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Let  the  symbols  with  the  suffixes  1  and  2  refer  to  the  driver 
and  follower  i-e^pectively.     Then  : — 

(1)  WJien  the  Pinion  is  Hie  Driver. 

2R2d2  -  ^  =  (Rj8in2^  -  acos2d)a  J     *    '    *     ^    ^ 

(2)  When  tJie  Annular  WJieel  i8  the  Driver. 

2Bia^  -  ^  =  (RiBm2tf  -  /8co82tf)/8  }  ^^  . 

2Rjd2  +  5J  =  (R2  8in2tf  +  acos2^)a  j     •••*•> 
The  approximate  formulae  corresponding  to  these  are  : — 

(2)  h  '  (1-  -  - --)  ^  \ 

The  student  should  also  notice  that  the  formulae  for  iAternal 
gearing  are  at  once  deduced  from  those  for  external  gearing  by 
considering  the  radius  of  the  annular  wheel  as  negative. 

Example  I. — A  pair  of  wheels  with  involute  teeth  have  30  and 
120  teeth  respectively.  The  addendum  to  each  wheel  is  A-  pitch. 
Find  the  lengths  of  the  arcs  of  approach  and  recess,  suppoBing  the 
obliquity  to  be  lb"*,  and  the  small  wheel  the  driver. 

Answer. — Here  w^  =  30;  Wj  =  ^^O;  a^  =  3^  =  ^p. 
From  equation  (IV),  we  get : — 

«  /'I        3a\ 

3^/1         3«  \ 
10^  "  U  "^  120 p>/** 
/.    a*  +  lOpa  -  12;?«  =  0. 


-10±^10«-h4x  12  -^     ^ 

a= ^^ |>  =  108p.» 

i.e.,        Arc  of  approach  =  1*08  x  pitch. 

*  The  positive  sign  for  the  radical  must  be  taken,  since  neither  a  nor  /3 
can  he  negative. 


BKVJCL   WUBRLS. 


287 


Again,  3,-(i+l^)^ 

3      •    /I 
10''  -  [Z 

ifi  +  5pfl  -  6j^ 


+  -^^ — 1/8. 


30 /> 


) 


•  • 


0. 


t.e.y  Arc  of  Recess  »  "SSS  x  pitch. 

Example  II. — With  the  same  sizes  of  wheels  as  in  last  example, 
find  the  addenda  of  the  wheels,  the  arcs  of  approach  and  recess 
being  each  J  of  the  pitch. 

Answer. — Here  a  =  /8  =  J  /?. 
From  equation  (IV),  we  get : — 


^-a* 


Again,  ^^  =  ^j 


30;? 
120  p 


-295  X  pitch. 


j  X  |;i  «  '237  X  pitch. 


Bevel  Wheels.  —  The  teeth  on  bevel  wheels  are  constructed 
upon  precisely  the  same  principles  as  those  on  spur  wheels.  In 
the  case  of  bevel  wheels,  however,  the  pitch  surfiioes  are  oonioal, 


Method  of  Sbttiko  out  the  Pitch  Cones  fob  Bevel  Wheels. 

*  The  positlTe  sign  for  the  radical  must  be  taken,  sinoe  neither  a  nor  fi 
«an  bo  negattye. 
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aod  on  tliis  account  it  becomes  necessary  to  give  a  brief  description 
of  the  application  of  the  preceding  principles  to  such  cases.  In 
the  first  place  we  shall  explain  how  to  set  out  the  pitch  cones  for 
a  pair  of  bevel  wheels  whose  angular  velocity-ratio  is  given. 

Two  principal  cases  are  shown  by  the  foregoing  figure — (1) 
when  the  axes  of  the  shafts  intersect  at  right  angles,  and  (2)  when 
they  intersect  at  an  acute  angle.  The  letters  on  the  two  diagrams 
are  so  arranged  that  the  following  description  is  applicable  to  both. 

Let  O  be  the  intersection  of  the  axes,  O  A,  O  B,  of  the  shafts. 
Suppose  the  angular  velocity-ratio  to  be  2  :  3 ;  i.e.,  let : — 

Angtclar  velocity  qfaJiaft,  O  A  :  Angular  velocity  of  shafts  OB  =  2  :  3. 

When  the  size  of  one  of  the  wheels  is  given,  that  of  the  other 
wheel  can  be  found  in  the  usual  way  when  the  angular  velocity- 
ratio  is  known.     Thus  : — 

Diameter  o/ wheel  on  sha/ty  O  A  :  Diameter  )  _  o    o 
o/wlieel  on  sliaft,  OB  |  - ^  : -tf. 

With  centre,  O,  draw  two  circles  of  diameters  equal  or  propor- 
tional to  those  of  the  wheels.  From  the  larger  circle  draw  the 
tangents,  FD,  GO,  parallel  to  the  axis,  OA;  and  from  the 
smaller  circle  draw  the  tangents,  H  C,  K  E,  parallel  to  the  axis, 
O  B.  The  tangents,  G  C,  H  C,  intersect  at  C.  The  line,  O  0,  is 
then  the  line  of  contact  of  the  two  pitch  cones.  By  drawing  G  D 
and  0 E  perpendicular  to  the  axes,  O A,  OB,  respectively,  and 
meeting  the  tangents,  F  D,  K  E,  in  the  points,  D  and  £,  and  by 
joining  O D,  O E  we  get  the  complete  pitch  cones,  COD,  0 O E. 
In  practice,  frusta  only  of  the  pitch  cones  are  used.  These  are 
shown  by  full  lines  on  the  figures. 

Another  method  of  setting  out  the  pitch  cones  is  as  follows : — 
Along  the  axes,  O A,  OB,  measure  off  distances,  OH,  O G,  re- 
spectively  proportional  to  the  angular  velocities  of  the  shafts,  O  A 
and  OB;  t.c.,  in  this  particular  case,  let  O  H  :  O  G  =  2  : 3. 
Complete  the  parallelogram,  O  H  C  G  ;  then  the  diagonal,  O  C,  is 
the  line  of  contact  of  the  pitch  cones  as  before.  The  pitch 
cones  can  then  be  completed  by  making  .^g^KOJy  =^  .^ AOO, 
and  .^1  BOE  =  .tf^BOC.  The  remainder  of  the  construction 
is  obvious. 

Teeth  of  Bevel  Wheels.— We  shall  now  give  a  brief  explanation 
of  the  usual  method  adopted  in  setting  out  the  teeth  for  a  pair  of 
bevel  wheels  in  gear.  Let  O  A,  OB  be  the  axes  of  the  shafts. 
Having  drawn  the  pitch  cones,  COD,  C  O  E,  draw  A  C  B  through 
C  perpendicular  to  the  line  of  contact,  O  C,  and  join  A  D,  B  R 
Imagine  CAD,  CBE  to  be  conical  surfaces  whose  vertices  are 
A  and  B  respectively.     Now,  if  we  further  imagine  these  conical 
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snrfncM  developed — that  is,  flattened  out  into  oiroalar  aexmeats, 
ACM,  BCN — then  these  segments  would  roll,  without  slipping, 
npon  their  oirouUr  edges,  CM,  C N,  during  the  rotation  of  the 
wheels.  Hence,  we  maj  look  upon  A  C  JU,  B  C  N*  as  portions  of 
the  pitch  circles,  with  reference  to  which  the  outer  ends  of  the 
teeth  are  described.  On  these  virtual  pitch  circles  the  carves  for 
the  outer  ends  of  the  teeth  are  to  be  described  in  the  usual  wa;. 
The  teeth  may  be  either  cjclotdal  or  involute.  From  the  figures 
it  will  be  seen  that  the  teeth  taper  towards  the  point,  O. 


Ubthod  of  SamiTO  odt  Curvis  roR  Tsith  oir  Btvu.  Whkiu. 

In  a  similar  way  to  the  above  we  could  dntw  the  virtual  pitch 
circles  for  the  inner  ends  of  the  conical  frusta,  and  then  constnict 
the  cnrves  for  the  inner  ends  of  the  teeth.  These  inner  virtual 
pitch  cirolee  are  usually  drawn  concentric  with  the  outer  ones  as 
follows : — Let  0  O  be  the  breudth  of  the  face  of  the  wheels. 
Throngh  G  draw  H  G  K.  perpendicular  to  0  G,  and  meeting  O  A 
in  H  and  O  B  in  K.  Then,  just  as  before,  H  G  and  K  G  are  the 
radii  of  the  virtual  pitch  circles  for  the  smaller  ends  of  the  frusta. 
It  is  more  ounvenieut  to  draw  these  circles  about  A  and  B  as 
centres  than  about  H  and  K  aa  centres.  Hence  project  O  on  to 
AC  and  B  C,  by  drawing  G  A,  G  A  parallel  to  O  A  and  OB  respec- 
tively. Then,  A  A  =  H  G,  and  B  A  =  K  G.  With  A  and  B  as 
centres,  disw  the  virtual  pitch  circles  A  m,  A  n.  The  curves  for 
the  inner  ends  of  the  teeth  are  set  out  on  these  virtual  pitch 
circles.  The  dimensions  of  the  teeth  on  Km,  kn  are  reduced  in 
the  proportion  AA:AC,  orBi:BO. 

1» 
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Mortice  Wheels. — When  ordinary  toothed  wheels  are  run  at  a 
high  speed  their  mutual  actions  become  very  rough  and  noisy,  and 
severe  vibrations  are  usually  set  up.  To  obtain  a  smoother  and 
more  regular  action  the  method  is  sometimes  adopted  of  placing 
wooden  teeth  on  one  of  each  pair  of  wheels  in  gear.  These  wooden 
teeth,  or  *^  cogs "  as  they  are  called,  are  morticed  into  the  iron 
rims  of  the  wheels,  and  hence  such  wheels  are  termed  mortice 
wheels.  The  action  of  mortice  wheels  is  very  smooth  aud 
noiseless.  Some  of  the  common  methods  of  securing  the  cogs  to 
the  rims  are  shown  by  the  accompanying  figures.     In  the  upper 


Crom  Section  of  Wh—I 
mttk  Singh  Ooga, 


Enlarged  Station 

of  Cog  with 

9no^«M  Shouldor. 


Orooo  Sootlon  of  WhuT 
mlik  Doublo  Cog; 


Kortloo 
mith  Wodgod 


Wh-I 
Oogn. 
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Crooe  Sodlon  of  Wknt 
with  Doubit  Cogo. 
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figures  the  cogs  are  secured  by  pegs  or  pins  passing  through  the 
tenons  of  the  cogs  in  a  direction  parallel  to  their  length.  In 
the  lower  figures  they  are  shown  secured  by  dove-tailed  wooden 
keys  driven  into  correspondingly-shaped  grooves  at  the  projecting 
ends  of  the  tenons.  Double  cogs  are  sometimes  used  when  the 
wheels  are  very  broad ;  these  are  shown  by  the  crass  sectional 
views  on  the  right-hand  side.  The  cogs  are  usually  made  with 
side  shoulders,  as  shown  by  the  longitudinal  sections  of  the  rims 
of  the  wheels,  but  occasionally  there  is  only  one  side  shoulder,  as 
shown  by  the  lower  left-hand  figure. 

The  cogs  may  be  cycloidal  or  involute,  according  to  the  shape  of 
the  iron  teeth  in  gear  with  them,  and  are  usually  shaped  by  hand. 
To  prevent  undue  wear  of  the  cogs  by  the  iron  teeth,  it  is  usual 
to  '* pitch''  and  "trim"  the  acting  surfaces  of  the  latter  by  care- 
fully chipping,  and  afterwards  filing,  them  to  a  high  d^ree  of 
smoothness.      With    machine-moulded    teeth,   which    are  much 
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smoother,  more  uniform  and  perfect  in  shape  than  ihoae  caat 
from  a  |Mttern  in  the  ordinary  way,  it  ia  Bufficient  to  merely  file 
the  teeth  to  Hmoutbneea. 

The  c<^  are  made  of  hard,  tough  wood,  such  as  oak,  beech, 
hornbeam,  holly,  or  apple  tree.  Since  the  material  of  the  cogs  is 
softer  and  weaker  than  that  of  cast  iron,  it  follows,  aa  a  matter  of 
economical  distribution  of  material,  that  the  thickness  of  the  cogs 
ahould  be  greater  than  that  of  the  iron  teeth.  The  following  are 
the  usual  proportions  for  the  teeth  of  mortice  gearing : — 

Thichnett  ofvoooi  cogg  at  pitch  circle  =  0'60  x  pitch. 

„  iron  twth.  „  =  0-40  „ 

Heighi  of  teeth  above  „  -  0-26         „ 

.  D«plh        „      btlwo  „  =  0  30         „ 

From  theee  proportions  it  will  be  seen  that  there  is  no  mde 
clearance  between  the  teeth  when  new. 

Bevel  wheels  can  also  be  fitted  with  wooden  cogs,  which  are 
secured  to  the  rim  by  methods  similar  bi  those  for  spur  wheels. 

Gear  Cntttng  Hachlne. 

—  It   is    now    becoming 

more  and  more  common 

to  cut  the  teeth  of  wheelx 

from  a  plain  blank,  and 

4iot  to  eoft  them.     The 

involote  form  of  tooth  is 

-especially     suitable     for 

this,  as  each  «de  of  the 

tooth  is  one  continuous 

curve.      With  machine- 

«ut  teeth  there  is  no  side 

clearance,  and,  therefore, 

no  back  lash.    The  figure 

shows  a  nuchine  for  cut- 

ting  wheel  teeth,  as  made 

by  Mears.  John  Laug  & 

Sons  of  Johnstone  (who 

have  kindly  supplied  the 

illustration).     The  wheel 

to   be  cut  is  placed  on 

the  mandril,    M,    which 

<»rrieB    a    worm    wheel,  q^^  Cdttkco  Mionist 

WW,  on  its  back  end. 

(This  worm  wheel  is  covered  by  a  guard,  which  prevent*  its  teeth 

being  seen  in  the  figure.)      The  bearing  for  the  mandril  can  be 
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moved  up  and  down  between  the  vertical  guides  by  a  screw  an<} 
hand-wheel,  and  the  height  of  M  is  thus  adjusted  to  suit  wheels- 
of  different  diameters.  The  cutter  is  ground  to  the  exact  form 
of  the  spaces  between  the  teeth,  and  is  fixed  to  a  spindle  carried 
by  the  slide,  S,  as  shown  at  C.  As  the  cutter  rotates  it  is- 
advanced  by  a  screw,  and  cuts  a  space  right  across  the  rim  of  the 
blank.  When  it  has  gone  through,  the  slide  shifts  a  tappet  and 
reverses  the  motion  of  the  screw.  The  cutter  is  then  moved  back 
and  is  ready  to  cut  another  space.  The  wheel  being  cut  is  turned 
through  the  space  of  the  pitch  of  its  teeth  by  the  worm  wheel, 
W  W,  and  change  wheels,  C  W.  The  screw,  gearing  with  the- 
worm  wheel,  carries  a  small  friction  clutch  which  is  always  in 
motion,  but  while  the  cutter  is  in  action,  the  screw  is  prevented 
from  rotating  by  a  hook  and  cam  at  the  end  of  the  train  of  change 
wheels.  Every  time  the  slide  nears  the  end  of  its  back  stroke  it 
pulls  away  this  hook  by  the  releasing  chain,  B  G,  and  so  releases 
the  cam.  The  friction  clutch  then  turns  the  screw  and  worm 
wheel  until  again  stopped.  As  the  cam  can  only  make  exactly 
one  revolution  before  being  again  stopped  by  the  hook,  the  angle 
through  which  the  mandril,  and  wheel  being  cut,  turn,  can  be- 
mnde  anything  required  by  putting  in  a  suitable  train  of  change 
wbeeK  The  machine  is  driven  by  a  belt  in  the  usual  way  and  is 
self-acting.  When  used  for  cutting  bevel  wheels  the  table  carrying 
the  slide  and  cutter  is  inclined  by  the  quadrant,  Q,  to  suit  the 
an^le  of  the  face  of  the  wheel.  As  the  teeth  of  bevel  wheels  are 
not  of  the  same  size  at  their  inner  and  outer  ends,  they  cannot  be 
made  at  one  cut,  but  each  side  has  to  be  cut  separately.'^ 

*  The  studeat  should  see  The  Practical  Engineer  of  26th  July,  1895,  p.  60^ 
for  a  (Miper  on  *<  Chitting  Bevel  Gears  in  a  Universal  Milling  Machine.^ 
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Lecture  XV. — Qubstioks. 

1.  A  pair  of  wheels  have  25  and  130  involute  teeth  respectively.  The 
addenda  of  the  .teeth  in  both  cases  is  ^  the  pitch.  Find  the  lengths  of  the 
arcs  of  approach  and  recess,  assuming  the  obliquity  to  be  1^,  and  the 
larger  wheel  the  driver.     Ans.  a  =  '9'^p;  /3  =  l'l9p. 

2.  Prove  the  formulae  for  the  addenda  of  involute  teeth  in  terms  of  the 

arcs  of  approach  and  recess,  kc.     Hence  show  that,  if  the  arcs  of  approach 

and  recess  are  each  equal  to  the  pitch,  the  addenda  should  be  calculated 

1      S\ 
from  the  formula:— Addendum  =  (  7  +*-  ]  ^  pitch,  where  n  represents  the 

number  of  teeth  on  wheel. 

d.  What  are  bevel  wheels  ?  Two  axes  intersect  at  an  angle  of  60",  and 
it  ii  required  to  ccmnect  them  by  bevel  gearing,  so  that  their  angular  velo- 
cities shall  be  as  3  :  2.     Construct  the  pitch  cones  of  the  bevel  wheeb. 

4.  Under  what  conditions  will  two  cones  roll  together?  Motion  is  to  be 
communicated  between  two  shafts  inclined  at  an  angle  of  90"*,  and  one  is 
to  make  three  rotations  while  the  other  makes  four.  Set  out  the  pitch 
cones  in  a  diaffram,  marking  dimensions.     (8.  and  A.  Exam.,  1689.) 

5.  Two  shaits  intersecting  at  right  aiiffles  are  connected  by  bevel  wheels 
with  22  and  44  teeth  respectively,  of  1  inch  pitch.  Draw,  to  a  scale  of  ^, 
the  pitch  8ur£Bkces  of  the  wheels,  and  find  the  development  of  the  conical 
surfaces  on  which  the  shape  of  the  ends  of  the  teeth  are  set  out.  Having 
given  the  shape  of  the  end  of  a  tooth,  explain  how  the  shape  of  the  surface 
of  the  tooth  is  determined.     (S.  and  A.  Mach.  Const.  Adv.  Exam.,  1891.) 

6.  Draw  the  pitch  cones  for  two  bevel  wheels  in  gear,  bavins  00  and  45 
teeth  respectively  with  2^  inches  pitch,  measured  at  larger  ena  of  conical 
frustum,  the  shafts  to  make  an  angle  of  60"  with  each  other.  Explain  fully 
the  method  adopted  by  engineers  in  settiug  out  the  teeth  for  a  pair  of  bevel 
wheels,  by  applying  it  to  the  example  given. 

7.  Sketch  to  scale  a  pair  of  bevel  wheels  in  gear  with  each  other,  the 
gearing  ratio  to  be  3  to  1,  the  mean  pitch  to  be  1 4  inches,  snd  the  number 
of  teeui  in  the  smaller  wheel  to  be  16.  Make  sufiBcient  sketches  to  show 
the  construction  of  the  wheels  and  the  shape  of  the  teeth  fully.  Given  the 
shape  of  the  tooth  of  a  rack  in  a  set  of  interchangeable  wheels,  show  how 
to  aevelop  by  graphic  construction  the  proper  shape  of  tooth  for  a  wheel 
of  any  given  number  of  teeth.  (C.  and  G.  of  L.  Mech.  £lng.  Hons.  Exam. " 
1884.) 

8.  Distinguish  between  a  bevel  wheel,  a  mitre  wheel,  and  a  mortice 
wheel.  Draw  a  section  of  two  mitre  wheels  in  gear.  Sketch  a  mortice 
tooth  for  (1)  a  spur  wheel,  (2)  a  bevel  wheel,  and  describe  with  sketches 
two  methcKls  of  nxing  it  in  position. 

9.  Give  two  views  of  a  tooth  of  a  mortice  spur  wheel,  showing  how  it  is 
fitted  into  the  rim  of  the  wheel  and  held  in  position.  Under  what  circum- 
stances would  yon  use  mortice  wheels?  (S.  and  A.  Mach.  Const.  Adv. 
Exam.,  1888.) 
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C02VTBKT8. — Friction  of  Toothed  Gearing^The  Principle  of  Combined  Rota^ 
tions — Example  I. —Strength  of  Wheel  Teeth— Case  I. —Strength  of 
Teeth  when  Uontact  between  the  Various  Pairs  of  Teeth  in  Gear  is 
Perfect — Case  II.— Strength  of  Teeth  when  Contact  is  Imperfect — 
Breadth  of  Wheel  Teeth— Example  II.— Flanged  or  Shrouded  Teeth— 
Hooke's  Stepped  Gearing — Helical  Gearing— Double  Helical  Wheels — 
Questions. 

Friction  of  Toothed  Geaiing. — The  action  between  a  pair  of 
teeth  in  contact  is  partly  roUiDg  and  partly  sliding,  but  the  frio- 
tioual  resistance  of  the  former  is  small  compared  with  that  of  the 
latter,  and  may,  therefore,  be  conveniently  neglected.  The  sliding 
between  a  pair  of  teeth  takes  place  in  a  direction  peq)endicular  to 
the  common  normal  at  their  point  of  contact,  and  in  order  to  find 
its  amount  we  require  to  know  the  relative  motion  of  the  teeth  in 
this  direction.  We  proceed,  in  the  first  place,  to  determine  this 
relative  motion  of  the  teeth,  and  in  doing  so  shall  make  use  of : — 
The  Principle  of  Combined  Rotations. — Let  A  and  B  be  the 
centres  of  two  spur  wheels  in  gear,  p  being  the  pitch  point. 

Let  R|,  Rg  «=  Radii  of  wheels  A  and  B. 


9> 


Wp  «2 


Angular  velocities  of  A  and  B. 


To  Illustrate  the  Pbinciple  ov  Combined  Rotations. 
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The  wheels  will  rotate  in  the  opposite  or  in  the  same  direction, 
according  as  the  contact  is  external  or  internal.  It  is  convenient 
to  indicate  this  distinction  by  the  sign  attached  to  oi.  Thus,  in 
the  case  of  external  contact,  let  the  angular  velocities  be  +  «^  and 
-  Wo ;  for  internal  contact,  let  these  quantities  be  +  u^  and  +  «2* 

The  relative  angular  velocities  of  wheels  A  and  JB  will  not  be 
altered,  if  to  each  we  impart  an  equal  angular  velocity.  Thus, 
suppose  each  of  the  wheels  in  external  contact  receives  an  angular 
velocity  +  u^  about  the  axis,  B.     Then  the  angular  velocity  of 

B  will  be  0*2  -  ^2  ==  ^  ^  ^'^'>  ^^  ^^^^  ^^  ^^  ^^^-  ^^^  wheel  A 
will  be  rotating  about  B  with  angular  velocity,  u^  and  about  its 
own  axis  with  angular  velocity,  Uy  Hence,  the  reinUtarU  angular 
velocity  of  wheel  A  is  (w^  +  u^  about  some  axis  which  we  are 
about  to  determine.  During  the  rotation  of  the  wheel  A  about  B, 
that  line  on  A,  which  is,  for  the  instant,  in  contact  with  B,  is  at 
rest.  At  that  instant,  the  wheel  A  is  rotating  about  this  line  as 
an  inatcMtcmeovs  aacis.  Clearly,  this  instantaneous  axis  passes 
through  the  pitch  point,  p,  and  is  parallel  to  the  axis  of  A  or  B. 
Hence,  at  a  given  instant  any  point,  P,  on  wheel  A  is  rotating 
about  the  axis  through  p,  with  an  angular  velocity  («^  +  ea^)' 

By  similar  i-easouing,  if  each  of  the  wheels  in  internal  contact 
receive  an  angular  —  «2»  ^^®°  wheel  B  will  be  brought  to  rest, 
and  any  point  on  wheel  A  will  be  rotating  about  the  instantaneous 
axis  through  p,  with  an  angular  velocity  {m^  —  u.^. 

If,  then,  P  be  a  point  of  contact  between  a  pair  of  teeth,  P  p  is 
the  direction  of  the  common  normal  to  the  two  teeth  at  that  point, 
and  the  velocity  of  P  perpendicular  to  P/?  is  the  velocity  of  sliding 
between  the  teeth. 

Let  V  =  Velocity  of  pitch  circles. 
„      v  «=  Velocity  of  P  perpendicular  to  Pp. 
„     r  e=  Distance  of  P  from  pitch  point,  p. 

Then,  from  what  has  been  demonstrated  above,  we  get : — 
Or,  r  =  («i  +  Wg)  ^>  ^^^  external  gearing, 

„  =  (toj  -  «2)  »•>   M   internal       „ 
But,  V  =  toj  Rj,  =  «2  Rj. 


-{^*i}- 


Let  arc  p  P  be  denoted  by  x,  and  suppose  the  wheels  to  receive 
a  small  circular  displacement,  dx,  na  measured  along  the  pitch 
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circles.  Daring  this  displacement,  let  da  represent  the  distance 
through  which  the  teeth  slide  on  one  another. 

Then,  d8^^^   1  B^  *  Rj 

f  1  1  ) 

We  may  take  r  as  being  approximately  constant,  since,  for  a  small 
movement  d  8,  at  right  angles  to  p  P,  it  does  not  perceptibly 
change. 

Let  Pn  =  Normal  pressure  between  the  teeth. 
„       fi  ^  Coefficient  of  friction. 
,,    a,  /S  =s  Length  of  arcs  of  approach  and  recess  respectively. 

Then, TTor^  lasting 
friction    during  j-  =■  fib'PndM. 
diaplcLcemmU^  dxy] 

/.Total  work  lost^ 
in  friction  dur- 
ing whole  arc  of 
contact 


-^"'^r,*i}{/>-'-''-//"'-'''}<^> 


The  law  according  to  which  Pn  varies  is  not  definitely  known, 
being  dependent  upon  the  number  of  teeth  in  contact,  the  state  of 
the  teeth,  and  other  causes.  Its  magnitude  may  not  vary  much, 
and  probably  has  a  mean  value  somewhere  between  ^  P  and  P^ 
where  P  denotes  the  driving  or  tangential  force  at  the  pitch 
circles  of  the  wheels. 

Taking  Pn  =  |  P,  which  is  quite  a  legitimate  assumption,  and 
putting  chord  p  P  =  arc  pF,  or  r  =  x,  we  get  the  following 
approximate  equations : — 

Let  K^,  N^  =  Number  of  teeth  on  wheels  A  and  B  respectively* 
p  »  Pitch  of  teeth. 


Then 


,      W-|.^P{^±^}^ (II.) 
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If,  farther,  we  snppose  the  arcs  of  approach  and  recess  each 
equal  to  the  pitch,  we  get : — 

w  =  $.^p{^±^-}p..   .   .   .  (II»> 

From  these  equations,  we  learn  that  the  greater  the  number  of 
teeth  (i.e.,  the  smaller  the  pitch),  and  the  shorter  the  arcs  of 
approach  and  recess,  the  smaller  is  the  loss  due  to  friction. 

The  above  results  are  equally  true  for  bevel  gearing. 

The  loss  due  to  the  friction  of  toothed  gearing  is  usually  very 
small,  being  about  3  per  cent.  It  has  been  stated  by  some 
authorities  that  the  friction  during  approach  is  greater  than  that 
during  recess.  This  explains  why,  in  some  kinds  of  wheelwork 
(such  as  in  watches  and  clocks),  the  teeth  are  shaped  so  that  there 
is  no  arc  of  approach. 

ExAMPLB  I. — In  a  pair  of  spur  wheels  with  external  contact,, 
the  number  of  teeth  on  the  wheels  is  30  and  70  respectively. 
Assuming  the  arcs  of  approach  and  recess  each  equal  to  the  pitch 
of  the  teeth,  and  taking  the  coefficient  of  fiiction  at  -1,  find  the 
efficiency  of  the  gearing. 

Answer. — The  work  lost  by  friction  during  the  action  between 
one  pair  of  teeth  is  given  by  equation  (II  ^  ),  viz. : — 


w-3"*^{^^rj^- 


•  • 


The   total   work   expended  during  the  same  action   (arc  of 
approach  +  arc  of  recess)  is : — 

Wx  =  Pn  (arc  of  approach  +  arc  of  recess) 

3  4 

„    =g  Px  2/?  «^Pp. 

.  Useful  fjoork  done 

^        ^  ~"  Total  work  expended 

"  ^  "    7    ^  10  I  70  "^  30 )  • 

Or,    Efficiency  »  1  -  015  =  085,  or,  98-5  per  cent 

This  example  serves  to  show  how  small  is  the  loss  due  to  the 
friction  of  the  teeth  of  wheels. 


» 


If 
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Strength  of  Wheel  Teeth. — The  power  which  caa  be  transmitted 
by  toothed  gearing  depends  upon  the  circumferential  speed  of  the 
wheels  and  the  strength  of  the  teeth.     Thus  : — 

Let  H.P.  =  Horse-power  tmnsmitted. 
„         P  =  Tangential  pi'essure  in  lbs.  at  pitch  circle. 
„         V  =  Velocity  in  feet  per  minute  at  pitch  circla 

Then,  ^.P.  -  gl^^. (Ill) 

We  now  proceed  to  determine  P  in  terms  of  the  dimensions  of 
the  teeth,  &c. 

The  strength  of  a  tooth  depends  upon  the  manner  in  which  the 
pressure  on  that  tooth  iH  distributed,  and  this  latter  depends  upon 
the  accuracy  with  which  the  wheels  are  made  and  adjusted  in 
gear.  Two  cases  occur,  according  as  the  contact  between  a 
pair  of  teeth  is  perfect  or  imperfect.  We  shall  consider  these  cases 
separately. 

Case  I. — Strength  of  Teeth  when  Contact  between  the  Various 
Pairs  of  Teetii  in  Gear  is  Perfect. — When  the  wheels  are  accurately 
■adjusted  in  gear,  and  the  teeth  well  formed,  any  pair  of  teeth  should 
be  in  contact  along  a  line  across  the  breadth  of  the  teeth.  In  such 
■a  case  the  mutual  pressure  between  the  teeth  will  probably  be 
uniformly  distributed  along  that  line.  Let  this  line  be  taken  at 
the  end  or  point  of  the  tooth  which  we  are  about  to  consider,  so 
that  the  bending  moment  due  to  the  distributed  pressure  may  be 
■a  maximum.  We  may  also  neglect  the  curved  form  of  the  tooth. 
And  assume  it  to  be  a  rectangular  block  fixed  to  the  rim  of  the 
wheel.  It  may  then  be  looked  upon  as  a  short  beam  fixed  at  one 
end  (the  root)  and  loaded  uniformly  along  a  transverse  line  at  the 
other  or  free  end. 

Let       Pn  «=  Total  pressure  acting  on  the  tooth. 
„     by  ly  t  =  Breadth,  length,  and  thickness  of  the  tooth. 
„  /  =  Safe  stress  for  the  material. 

If  the  material  of  the  tooth  be  of  uniform  strength  throughout, 
then  the  tendency  of  Pn  will  be  to  break  the  tooth  along  the  root 
EPGH. 

The  bending  moment  at  section  E  F  G  H  is,  B.M.  =  P^/. 
The  resisting  moment  ofiTered  by  the  material  at  section  E  F  G  H 


ts: — 
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Or, 


Now,  the  magnitude  of  Pn  is  not  exactly  knowD  ;  but,  if  there 
are  never  fewer  than  two  pairs  of  teeth  in  contact  at  once,  it  seems 

quite  a  £Biir  assumption  to  take  Pn  =  o  ^*     Hence : — 


-uv> 


(IV) 


Usually  the  dimensions  of  a  tooth  are  atated  in  terms  of  the 
pitch  of  the  teeth,  and  the  ordinary  proportions  for  new  teeth  were 
stated  at  the  beginning  of  Lecture  XIII.  Making  an  allowance 
for  wear,  we  may  take  : — 

I  =  '7  p  for  iron  teeth.  i  ^  '3^p  for  iron  teeth. 

I  =  'Qp  for  wooden  teeth.        t  «  '45  p  for  wooden  teeth. 

The  breadth,  6,  varies  considerably,  the  average  being,  b  =  2*5  p. 
In  the  meantime,  denote  the  breadth  by  np.  Making  these  sub- 
stitutions in  equation  (IV),  we  get : — 


P  =  0-0463  n  p^f,  for  iron  teeUi       ) 
P  =  0-0844 /I  p«/,  for  wooden  teeth  i  ' 


(V> 


<-— /-..^ fcO 


Illustbatino  Distributbd 
Pressurb  on  Tooth. 


Illustrating  Concbntrat£I> 
Pressure  on  Tooth. 


From  these  equations  we  see  that  the  driving  force,  P,  w»rie8  a$ 
the  equare  of  the  pitch  of  the  teeth. 
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By  substitutiDg  these  values  for  P  iu  equation  (III),  the 
maximum  H.P.  tiunsmitted  can  be  obtained. 

Case  II. — Strength  of  Teeth  when  Contact  is  Imperfect. — 
When  the  wheels  are  badly  adjusted  in  gear,  or  the  teeth  badly 
shaped,  contact  between  the  latter  will  most  likely  be  very 
imperfect.  Instead  of  the  teeth  bearing  along  a  line,  as  in  the 
case  just  considered,  they  may  bear  at  a  few  points,  or  perhaps  at 
one  point  only.  This  state  of  affiiirs  may  be  caused  by  one  or 
more  of  the  following  defects  : — (1)  in  spur  gearing,  the  shafts  may 
not  be  strictly  parallel ;  or,  in  bevel  gearing,  the  shafts  may  not  be 
coplanar — i.e.,  in  the  same  plane.  Although  these  defects  may 
not  exist  when  the  geariug  is  newly  erected,  the  subsequent  wear 
of  the  shaft  bearings  may  ultimately  bring  about  this  state  of 
affairs.  (2)  The  severe  stresses  to  which  the  parts  of  the  geariug 
(especially  at  the  shaft  supports)  are  sometimes  subjected  cause 
imperfect  contact  between  the  teeth.  (3)  The  teeth  may  have 
been  badly  shaped  to  begin  with.  With  wheels  which  have  been 
moulded  from  a  pattern  in  the  ordinary  way,  the  teeth  are  slightly 
tapered  aci'oss  their  breadth,  caused  by  the  pattern  which  is 
purposely  made  thus  to  allow  its  being  withdrawn  from  the  mould. 
Heuce,  care  is  needed  in  the  erection  of  such  wheels,  to  see  that 
they  are  so  placed  that  the  thick  parts  of  the  teeth  on  the  one 
come  in  contact  with  the  thin  parts  of  the  teeth  on  the  other. 
Attention  to  this  rule  is  not  always  given.  This  defect  does  not 
«xist  with  machine-moulded  or  machine-cut  teeth. 

The  worst,  and  most  likely,  case  occurs  when  the  one  tooth 
presses  upon  a  comer  of  the  other.  We  shall,  therefore,  consider 
this  case. 

Let  Pn  act  at  the  comer  A.  Then  its  tendency  is  to  break 
off  a  triangular  portion,  E  A  K,  along  a  section,  E  K  L  H,  passing 
through  E  H. 

Let  6  a  angle  A  E  K.     Draw  A  M  perpendicular  to  E  K. 

Then  bending  moment  about  section,  E  K  L  H,  is  : — 

B.M.  =  Pn  X  A  M  =  PnZsin  fi. 
Resisting  moment  of  material  at  section,  E  K  L  H,  is  : — 

R.M.  =  ^.EK.«V=  ^.^sec^.^V- 

«•.  ^  /  sec  tf  .  <*/  =s  Tnlain^ 

*••  /  =  -rg- .  Sin  2  6. 
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This  gives  the  stress  in  the  material  along  the  section,  EKLH, 
in  teims  of  Pn,  and  will  be  a  maximum  when  ^  =  45*",  or  sin 
2^=1.  Hence,  Pn  tends  to  break  off  the  portion,  E  A  K,  along 
a  plane,  E  K  L  H,  inclined  at  an  angle  of  45*"  with  E  A  or  E  F. 

2  1 

Or,  putting  Pn  =  3  P,  we  get :— P  ^^.t^f.    .     .    .    .  (YI) 

This  equation  shows  that  in  this  case  P  is  independent  of  the 
breadth  and  length  of  the  tooth. 

Substituting  for  t  its  value  in  terms  of  the  pitch,  p,  we  get : — 

P  =  0-065  p*/,  far  iron  teeth  \  /vtt\ 

P  =  0100p«/,     ,,  wooden,,    J       *     *     '     ^        ' 

Equations  (VII)  again  show  that  the  driving  force,  P,  varies  as 
4he  square  of  the  pitch  of  the  teeth, 

Fi-om  what  has  been  said  above  regarding  the  uncertainty  of 
the  distribution  of  the  pressure  on  the  teeth,  it  will  be  evident 
that  the  results  expressed  by  equations  (VII)  should  be  taken  in 
the  design  of  wheel  teeth. 

Hence,  combining  equations  (III)  and  (VII)  we  get  the  foUow- 
ing : — ^When  the  teeth  of  different  wheels  are  proportioned 
according  to  the  same  roles,  the  power  which  they  are  capable 
'Of  transmitting  is  proportional  to  the  pitch  circle  velocity  and  to 
the  square  of  the  pitch  of  the  teeth. 

Or,  H.P.  X  Vp2. 

P «  ^•. 

The  value  of  y  in  equations  (VII)  varies  according  to  circum- 
stances. In  machinery  subjectea  to  shocks,  vibrations,  or  sudden 
reversals  (as  in  pumping  and  rolling-mill  gears)  a  larger  factor  of 
safety,  and,  therefore,  a  smaller  value  of  /  must  be  employed, 
than  in  those  other  cases  (such  as  hand-worked  or  slow  moving 
machinery),  which  are  not  so  severely  stressed.  The  following 
Average  values  for  y*  are  given  by  Prof.  Unwin  : — 

Iron  teeth  subjected  to  little  shock, /«  9,600  lbs.  per  sq.  in. 

moderate    „    /=  6,100        „         „ 
excessive    „    /=  4,300        „        „ 


19  >l 
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For  wooden  teeth  we  may  take  /  »  2,740  lbs.  per  square  inch, 
since  these  should  never  be  subjected  to  severe  shocks. 

Breadth  of  Wheel  Teeth.— The  greater  the  breadth  of  the  teeth 
the  greater  is  their  durability.  When,  however,  the  teeth  are 
made  too  broad,  there  is  a  difficulty  in  fixing  the  wheels  accurately 
in  gear,  since  the  slightest  amount  out  of  truth  may  cause  the 
mutual  pressure  between  the  teeth  to  act  over  a  very  limited  area. 
The  breadth  varies  from  2p  to  4j9  in  ordinary  gearing,  the  average 
being  2'bp. 

The  above  formulsd  for  the  strength  of  teeth,  though  deduced 
for  the  case  of  spur  wheels,  are  equally  true  for  bevel  gearing.  In 
the  latter  case,  however,  the  velocity,  Y,  and  the  pitch,  /?,  are  to 
be  measured  at  a  pitch  circle  half  way  between  the  larger  and 
smaller  ends  of  the  conical  pitch  frustum. 

Example  II. — A  spur  wheel  of  2  inches  pitch  and  4  inches 
width  of  face  transmits  30  H.P.  when  its  pitch  line  velocity  is^ 
10  feet  per  second.  What  power  could  be  transmitted  by  a  spur 
wheel  of  4  inches  pitch  and  8  inches  width  of  face  with  a  pitch 
line  velocity  of  3  feet  per  second  ?  (S.  and  A.  Mach.  Const.  Hens. 
Exam.,  1881.) 

Answbb. — Let  the  various  quantities  in  the  two  cases  be  dis> 
tinguished  by  the  suffixes  1  and  2  respectively. 

PV 
From  equation  (III)      H.P.  =  o..  ^^  . 

Now,  assuming  contact  between  the  teeth  to  be  perfect,  as  ex- 
plained in  the  text,  we  get : — 

Prom  equation  (IV)     P  =  i  (-7-)  / 
Or,  „  (V)     P  =  -0463  6;?/ 

H.P.     =     gj^ggg    /bpY. 

Hence,  assuming/ to  be  the  same  in  both  cases,  we  get : — 

H.P.1       b,p,Y,' 

H.P.2  _  8  X  4  X  (3  X  60)         6 
30      "  4  X  2  X  (10  X  60)  ""  5* 

6 
5 


•  • 


H.P.P  =  -  X  30  =  36. 
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Flanged  or  Shrouded  Wheel8.^Soinetime8  the  rims  of  toothed 
wheels  are  made  broader  than  the  teeth,  and  extend  to  the  pitch 
circle  or  even  to  the  points  of  the  teeth.  The  wheels  in  such  cases 
are  said  to  be  '*Jlanged"  or  ^^ shr<mded,**  Shrouding  has  the  effect 
of  increasing  the  strength  of  the  teeth,  and  it  is  for  this  purpose 
they  are  so  made.  With  oi*dinary  proportions  of  teeth,  shrouding 
to  the  points  maj  have  the  effect  of  nearly  doubling  the  strength 
of  the  teeth.  It  is  clear,  however,  that  only  one  of  a  pair  of  wheels 
oan  be  strengthened  in  this  way.  When  the  two  wheels  in  gear 
are  about  equal  in  size,  both  may  be  shrouded  to  near  their  pitch 
circles.  In  other  cases,  it  is  usual  to  fully  shroud  the  smaller  wheel 
only,  since  the  teeth  of  this  wheel  are  subjected  to  greater  wear 
than  those  on  the  larger  one.  Sometimes  both  wheels  are  shrouded 
to  the  points  of  their  teeth  on  one  side  only,  the  shrouded  side  of 
the  one  being  opposite  the  unshrouded  side  of  the  other.     This 


Longitudinal  section  of  Whml      Shroudod      Shroudod       Shroudod     tongltudinatSoctionof  Whool 
Shrmidod  to  Potnto  vf  Tootli.    to  tho  PoinH.  on  ono  8ido.  to  P/toli  Uno.    Shrovdod  to  tho  Pitoh  Uno . 

Shboudbd  Tekth. 

method  is  also  adopted  in  those  cases  where  the  wheels  are  re- 
quired to  be  thrown  out  of  gear,  by  sliding  one  of  the  wheels 
along  its  shaft.  These  three  methods  of  shrouding  will  be  easily 
understood  from  the  accompanying  figures.  Owing  to  the  difficulty 
in  moulding  shrouded  wheels,  they  are  never  adopted  except  in 
heavy  machinery  subjected  to  severe  shocks. 

Hooke's  Stepped  Gearing. — The  smoothness  of  action  with 
toothed  gearing  depends  upon  the  number  of  pairs  of  teeth  which 
are  in  contact  simultaneously,  the  greater  the  number  the  sweeter 
and  smoother  the  motion.  This  is  of  the  greatest  importance 
with  some  kinds  of  machinery,  and  noisy  action  should  be  avoided, 
as  far  as  possible,  in  every  case.  We  have  seen  in  a  previous 
Lecture  that  the  number  of  pairs  of  teeth  which  are  in  action  at 
once  may  be  increased,  either  by  reducing  the  pitch  of  the  teeth, 
or  by  increasing  the  length  of  the  path  of  contact.  But  reducing 
the  pitch  of  the  teeth  reduces  their  strength,  as  we  have  just 
shown  ;  and  increasing  the  length  of  the  i)ath  of  contact  causes  an 
increase  in  the  length  of  the  teeth,  which  has  also  the  effect  of 
reducing  their  strength.  Hence,  neither  of  these  methods  can  be 
advantageously  adopted.  To  overcome  these  difficulties.  Dr.  Hooke 
invented  his  stepped  gearingy  which  results  in  the  smoothness  of 
action  due  to  fine  pitched  teeth  without  the  reduction  in  strength. 

To  understand  this  form  of  gearing,  imagine  an  ordinary  spur 

20 
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wheel  built  up  of  n  (five  on  the  figore)  doitow  spur  wheels  rigidly 
fixed  together  lide  hj  side,  the  pitch  and  other  dimeneions  of  the 
teeth  being  proportioned  by  the  ordinary  rules.  Instead  of  the 
teeth  being  pUoed  end  to  end  in  a  straight  line  pantUel  to  the 
shiift,  let  them  be  arranged  in  etepo,  aa  shown  at  A,  B,  C,  T>,  E,  so 
that  each  ancoesaive  tooth  ia  a  abort  dietanoe  behind  the  previooa 
one.  The  action  with  a  pair  of  snch  wheels  will  dearly  be  similar 
to  that  of  ordinary  wheels  wherein  the  pitch  ia  only  6  a  The 
number  of  steps,  n,  and  the  length  of  the  steps,  b  c,  may  be  any- 
thing to  Huit  circuraslancea,  but  the  former  is  generally  so  arrooged 
that  the  face  of  the  last  tooth,  £,  may  just  be  to  the  left  of  the  lace 
of  the  first  tooth,  F,  on  the  next  seriea  of  teeth,  by  the  length  of 
a  step,  be     The  length  of  a  step,  be,ia  then  one  nth  of  the  pitch 
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of  the  teeth,  and  should  be  small  oompared  with  the  thickness  of  the 
teeth,  otherwise  the  teeth  will  be  weakened  for  want  of  sufficient 
connection  with  those  on  either  sida  If  the  teeth  are  designed  in 
the  usual  way,  so  that  two  consecutive  teeth  on  any  of  the  rings 
composing  a  wheel  are  always  in  contact  with  two  consecutive 
teeth  on  the  corresponding  ring  of  the  other  wheel,  it  is  evident 
that  for  the  two  wheels  there  will  never  be  fewer  than  3  n  pairs 
of  teeth  in  contact.  Thus,  under  ordinary  circumstanoea,  with 
five  stepB  on  each  wheel,  there  would  always  be  at  least  ten  pairs 
of  teeth  in  contact.  The  motion  would,  therefore,  be  much 
smoother  and  eweeter  than  with  ordinary  geaiing.  Stepped 
gearing  ia  sometimes  used  for  the  rack  and  pinion  arrangements 
for  moving  the  tablea  of  planing  machines,  which  require  to  be 
very  uniformly  and  steadily  moved.  This  form  of  gearing  might 
be  conveniently  adopted  in  many  other  cases  where  regularity 
and  amoothnesB  of  motion  are  of  primary  importance. 
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Helical  Gearing. — If  we  suppose  6  c  to  become  infinitely  small, 
Md,  therefore,  the  nuDiber  of  steps,  n,  infinitely  great,  the  broken 
line  abode  .  .  .  .  would  become  a  continuous  curve,  which  is 
clearly  a  helix,  or  screw  line,  traced  on  the  pitch  surface  of  the 
wheeL  The  series  of  stepped  teeth.  A,  B,  C,  D,  E,  would  then 
form  a  single  helical  tooth.  Wheels  having  their  teeth  formed  in 
this  manner  are  called  Helical  Wheels.     When  accurately  made 
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4ind  erected,  there  is  almost  perfect  line  contact  between  the  pairs 
of  teeth  in  gear,  thus  augmenting  the  strength  of  the  geating, 
while  the  smoothness  of  action  is  about  the  greatest  attainable 
with  ordinary  materials. 

The  obliquity  of  the  teeth  is  the  angle  which  their  directions 
make  with  a  plane  containing  the  axis  of  the  shaft,  and  in  ordinary 
circumstances  is  about  Sb"",  Just  as  screws  are  right-handed  or 
left-handed,  according  to  the  direction  of  the  helical  thread  on  the 
bolt,  so  we  speak  of  right-handed  or  left-handed  obliquities  with 
respect  to  helical  teeth.  A  pair  of  helical  wheels  to  gear  together 
must  have  right-  and  left-handed  obliquities  respectively,  as  shown 
by  the  above  figures. 

Doable  Helical  Wheels. — Owing  to  the  oblique  direction  of  the 
teeth  their  mutual  pressure  tends  to  separate  the  wheels  axially, 
And  thereby  produces  considerable  lateral  pi'essure  on  the  bearings. 
To  neutralise  this  prejudicial  action,  the  teeth  are  now  formed  in 
two  equal  parts  with  opposite  obliquities,  and  united  at  a  common 
section,  as  shown  by  the  accompanying  figures.  Such  wheels  are 
termed  Doable  Helical  Wheels.  They  are  remarkable  for  their 
4»trength  and  smoothness  of  action.  The  pinion  shown  is  shrouded 
to  the  pitch  circle,  which  further  increases  its  strength.  No 
reliable  information  has  as  yet  been  forthcoming  regarding  the 
relative  strength  of  helical  and  ordinary  gearing,  but  it  is  believed 
that,  under  similar  circumstances,  the  former  are  at  least  30  per 
<!ent.  stronger  than  the  latter,  and  they  are  certainly  more  durable 
and  easier  in  their  action.  It  is,  however,  more  difficult  to  obtain 
|)erfect  bearing  between  the  teeth  of  helical  wheels  than  with 
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ordioaiy  oaes.  The  amalleHt  displacement  of  the  middle  planes  of 
the  wheeln  from  coincidence  may  cause  the  action  between  the 
t«eth  to  be  confined  to  one  half  of  each  tooth,  thns  virtually 
diminishing  their  strength.  The  method  of  overcoming  this  diffi- 
culty IB  to  allow  one  of  theafaafta  a  sniatl  amount  of  lateral  motion 
in  its  beariago,  so  that  the  wheel  which  it  carries  may  always 
aocoramodate  itself  to  the  other. 

Helical  teeth  are  designed   in  the  same  way  and  according  to 
the  same  rules  as  ordinary  teeth,  by  setting  off  their  dimensions. 


Bevbl  Whbbis  with  Dohbls  Helical  Tbith.* 

Sic.,  along  a  pitch  circle  of  the  wheel.     The  teeth,  however,  mnst 
lie  along  the  face  of  the  wheel  in  a  helical  direction. 

Helical  wheels  are  extensively  used  in  the  construction  of  heavy 
gearing,  s»ch  as  that  required  tor  large  cogging  and  rolling  mills 
and  submarine  cable  machinery,  and  they  are  said  to  give  great 
satisfaction.  The  casting  of  such  wheels  presented  considerable 
difficulties  at  first,  but  these  have  been  overcome,  and  now  helical 
bevel  wheels  can  he  as  easily  cast  as  spur  wheels.  Their  cost  is 
little  more  than  that  of  ordinary  toothed  wheels. 
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Lkctubs  XVI. — Questions. 

1.  Bednce  an  expression  for  the  work  lost  by  friction  between  the  teeth 
of  a  pair  of  wheels  in  gear.  In  a  pair  of  sjmr  wheels  with  external  contact, 
the  number  of  teeth  on  the  wheels  are  25  and  75  resf)ectively,  and  tiie 
coefBcient  of  friction  is  0*1.  Assuming  the  arcs  of  approach  and  recess 
each  equal  to  the  pitch,  find  the  efficiency  of  the  gearing.     Ans.  98*3  '*/^, 

2.  In  spur-wheel  gearing,  explain  how  to  estimate  the  pitch  of  the  teeth 
to  transmit  a  given  horae-power  with  a  given  speed  of  periphery.     Show 

that  under  some  circumstances  the  pitch  should  be  proportional  to  VP, 

p 
and  under  other  circumstances  to  -^,  where  P  is  the  pressure  between  two 

teeth,  and  b  is  the  breadth  of  the  face  of  the  teeth.     (S.  and  A.  Mach. 
Const  Hons.  Exam.,  1890.) 

3.  A  toothed  wheel,  18  inches  diameter,  makes  150  revolutions  per 
minute,  and  transmits  30  horse-power,  what  is  the  maximum  pressure  on 
one  tooth,  assuming  it  to  take  the  whole  load  ?  If  the  width  of  the  teeth 
is  2  inches,  what  pitch  should  you  adopt  ?  (C.  and  G.  of  L.  Mech.  Eng. 
Hons.  Exam.,  1892.)    Ana.  P  =  1,400  and  p  =  lA  inches. 

4.  A  cast-steel  spur  wheel  transmits  SO  horse-power.  The  pressure 
comes  upon  one  tooth,  and  may  be  supposed  to  act  uniformly  along  its 
point— that  is  to  say,  the  tooth  may  be  regarded  as  a  cantilever  load^  at 
the  extremity.  Diameter  of  spur  wheel,  3  feet ;  number  of  revolutions  per 
minute,  160 ;  length  of  tooth,  1^  inches ;  width  of  tooth,  4  inches ;  safe 
tensile  and  compressive  strength  of  cast  steel  (allowing  for  vibrations)  per 

auare  inch,  8,000  lbs.     Find  thickness  of  root  of  tooth.     (G.  and  G.  of  L. 
edi.  Eng.  Hons.  Exam.,  1890.)     Ans.  '6  inch. 

5.  Sketch  the  rim  of  a  spur  wheel  with  shrouded  teeth.  Explain  the 
object  of  shrouding  the  teeth. 

6.  Give  sketches  showing  Hooke's  stepped  gearing,  and  explain  its  con- 
struction and  action.  What  advantages  are  derived  from  making  toothed 
gearing  of  this  form  ? 

7.  Give  sketches  showing  single  and  double  helical  wheels.  Explain  the 
principles  upon  which  they  are  constructed  and  act.  Why  are  double 
oelicaf  whe^s  used  in  preference  to  single  helical  wheels?  Discuss  the 
advantages  and  disadvantages  of  heUcal  and  ordinary  toothed  wheels. 

8.  Distinffuish  between  a  spur-wheel,  a  bevii-wheel,  a  worm-wheel,  and 
4k  rack.  Wnat  is  the  velocity  ratio  of  two  wheels  ?  If  a  bar  of  cast  iron 
]  inch  square  and  1  inch  long  when  secured  at  one  end,  breaks  transversely 
with  a  load  of  6,000  lbs.  suspended  at  the  free  end,  what  would  be  the 
safe  working  pressure,  employing  a  factor  of  10,  between  the  two  teeth 
which  are  in  contact  in  a  pair  of  spur-wheels,  whose  width  of  tooth  is 
6  inchas,  the  depth  of  the  tooth,  measured  perpendicularly  from  the  point 
to  the  root»  bemg  2  inches,  and  the  thickness  at  the  root  of  the  tooth 
H  inches?    (8.  A  A.  Adv.  ExanL,  1896.) 

9.  Describe  how  we  find  the  shape  of  the  teeth  of  a  worm-wheel.* 
(S.  k  A.  Hons.  Exam.,  1897.) 

*  Bee  Prof.  Banklne's  Machinery  and  MiUtcork,  Section  IT.,  and  Prof.  Unwin's  Maehint 
Duign,  Fart  i.,  chap.  xL 
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Contents. — Belt,  Rope,  and  Chain  Gearing  —  MaterialB  for  Belting  — 
Caring,  Catting,  and  Splicing  Leather  for  Belts — Different  Metiiods  of 
Jointing  Leather  Belts— Average  Strength  of  Leather  Belt  Joints — 
Manufactare  of  Long  and  Broad  Leather  Beltins — Which  Side  of  the 
Leather  should  Face  the  Palley — Double  and  Treble  Belting— Com- 

Sound  Belting— Link  Chain  Belting — Victoria  Belting — Waterproof 
anvas  Belts — ^India-rubber  Belts — ^Gattajpercha  and  Composite  Gutta- 
percha Belts  —  Strength  of,  Working  Tension  in,  and  Horse-power 
Transmitted  bv,  Belts — General  Requirements  for  Belting — Rope  Gear- 
ing —  Sizes  of  Ropes  and  Pulleys  —  Strength  of  Cotton  and  Hemp 
Ropes — Rope  Pulleys — Multigroove  Rope  Drives — Speed  of,  and 
Horse -power  Transmitted  by,  Ropes  —  Power  Absorbed  by  Rope 
Driving — Telodynamic  Transmission — Pulleys — Wire-Rope  Haulage 
and  Transport — Questions. 

Belt,  Rope,  and  Chain  Gearing.— The  transmission  of  power 
between  distant  shafts  is  usually  effected  by  means  of  pulleys  and 
belts,  ropes,  or  chains.*     Although   belts  are  most  commonly 

*  The  transmission  of  power  between  distant  shafts  is  often  effected  by 
means  of  dynamos,  wires,  and  motors,  but  this  case  is  evidently  outside  ot 
the  range  of  the  present  work.  The  following  is  a  Ust  of  books  and  papers 
treating  of  belt  and  rope  driving : — 

E.  &  F.  Spon's  Dictionary  of  Engineering  (E.  &  F.  Spon,  Tx>ndon). 

Paper  on  '*  Transmission  of  Power  by  Wire,  Ro])es,  and  Turbines,'*  by 

H.  M.  Morrison.     Proceedinge  of  InnU  of  Afeeh.  Engineers,  1874,  p.  56. 
Paper  on  '*  Rope  Grearing  for  Tiunsmission  of  Large  Powers  in  Mills  and 

Factories,"  by  J.  Durie.     Proceedings  of  Inst,  of  Mech,  Engineers, 

1876,  p.  372. 
Sir  W.  Siemens'  prize  "  Essay  on  Machine  Belting,"  by  A.  H.  Barendt, 

read  before  the  Liverpool  roiytechnic  Societ^r,  January  29,  1883. 
Paper  on  "Belt  Driving,     by  J.  TuUis,  communicated  to  the  Convention 

of  British  and  Irish  Millers  in  Glasgow,  June  17,  1885.     See  Messrs. 

TuUis  A  Son's  Otude  to  Belt  Driving,  1891. 
"Rope  Driving,"  by  Chas.  W.  Hunt,  of  N.  Y.  City.     See  vol.  of  Trans. 

Am,  Soc  of  Mech.  Engs,  for  1890. 
A  Treatise  on  the  Use  of  Belting  for  the  Transmission  of  Power,  by  John  H. 

Cooper.    Fourth  edition,  1891.    Published  by  Edward  Meeks,  Walnut 

Street,  Philadelphia,  U.S.A.,  and  E.  &  F.  Spon,  London. 
"  Experiments  on  the  Transmission  of  Power  by  oeltins,"  made  by  Messrs. 

Wm.  Sellars  &  Co.     See  vol.  vii.  Am.  Soc  Mech.  Engineers. 
Two  Papers,  by  Wilfred  Lewie  and  Prof.  Lanza,  read  before  the  American 

Society  of  Engineers,  Chicago.     See  vol  vii.  of  the  Transactions,  1886. 
**  Comparative  Tests  of  T.<eather  and  Canvas  Rubber  Belts,"  by  S.  Webber. 

See  Trans,  of  the  Am.  Soc.  Mech.   Engs.,  vol.  viii.,  1887,  and  the 

Electrical  Review  of  September  5,  1890. 
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employed  for  this  purpose,  yet  in  certain  Cases,  where  great  power 
has  to  be  transmitted  between  two  distant  shafts  at  high  speeds, 
rope  gearing  is  preferred  on  account  of  its  flexibility,  lightness, 
•quiet  smooth  working,  easy  repair,  small  first  cost,  and  the  facility 
with  which  the  desired  tension  can  be  regulated  by  means  of  a 
tightening  pulley  when  one  continuous  rope  is  used.'*^ 

Chain  gearing  is  employed  in  cases  where  the  motion  is  slow 
and  the  power  greater  than  could  be  safely  titinsmitted  by  narrow 
belts  or  ropes.  It  is  also  used  where  slipping  is  inadmissible, 
nud  where,  as  in  the  case  of  rolling  mills,  (fee,  belts  or  ropes 
would  soon  become  perished  or  burned  by  the  heat  from  the 
materials  being  acted  upon  by  the  rolls. 

Materials  for  Belting.  —  The  most  common  and,  generally 
speaking,  the  best  material  for  belting  is  leather ;  although  many 
substitutes,  such  as  cotton,  india-rubber,  Dick's  canvas  and  balata, 
woven  gut,  camels'  and  Llama  hair,  have  been  devised,  and  found 
very  serviceable  under  8]XK2ial  conditions. 

Coring,  Catting,  and  Splicing  Leather  for  Belts.  —  The  best 
leather  for  belting  is  made  from  skins  taken  from  the  backs  of 
lull-grown  Highland  oxen.  The  hides  are  thoroughly  cured  by 
being  immersed  for  a  long  time  in  an  **  orange  tan  ''liquid,!  which 
possesses  the  property  of  condensing  and  contracting  the  raw  hide 
instead  of  causing  it  to  swell  and  become  heavier,  as  is  the  case 
when  they  are  tanned  with  "  oak  bark."     This  process  produces  a 

Paper  on  "Belting  for  Machinery,"  by  H.  A.  Mavor,  M.In8t.£.E.,  read 
before  the  Institution  of  Engineers  and  Shipbuilders,  Glasgow,  on 
February  21,  1893.     See  Proceedings  of  the  IfutUtUion. 

Eiements  of  J/ocAtne  Design,  Part  I.,  "Belt  and  Rope  Gearing,"  by  Prof. 
W.  C.  Unwin,  F.R.S.  (Longman,  Green  &  Co.,  London). 

Pocket  Diary  of  the  Mechanical  WorU  (Emmot  k  Co.,  Manchester). 

The  Practical  Engineer  Pocket- Book  and  Diary  (Technical  Publishing  Co., 
Manchester). 

Paper  by  Prof.  W.  C.  Unwin,  F.R.S.,  beins  the  Howard  Lectures  delivered 
before  the  Society  of  Arts,  1893.  Printed  in  the  SoeiHy  of  Arts 
Joumalf  and  reprinted  in  the  Practical  Engineer,  December,  1893,  and 
January,  1894. 

A  series  of  excellent  articles  on  "  Rope  Driving,"  by  Prof.  J.  J.  Flather 
in  The  Electrical  World  (W.  J.  Johnston  Co.,  Limited,  New  York 
City),  from  October  21.  1893,  to  April,  1895. 

*  When  two  or  more  independent  ropes  are  employed,  tightening  pnlleys 
■  are  found  to  be  impracticable. 

tFrom  the  Patent  Specitication  No.  8,165  of  1884  we  learn  that  this 
liquid  consists  of  ** '  Spanish  extract,'  having  borax  or  saltpetre  dissolved 
therein  ;  the  said  extract  being  an  astringent  solution  obtained  by  grinding 
and  boiling  the  rind  of  the  oranse  and  lemon.  The  quantities  of  borax 
and  saltpetre  may  be  considerably  varied.  After  the  hides,  when  thus 
saturated,  are  treated  by  the  ordinary  operation  of  currying,  it  converts 
them  into  leather  fit  for  commercial  use." 
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thin,  firm,  practically  stretchless  and  very  light,  strong  leather,, 
which  is  particularly  well  suited  for  the  transmission  of  power. 
The  thickness  of  the  leather  thus  obtained  is  generally  about  ^ 
inch,  its  extreme  length  is  about  4  feet  6  inches,  and  width  about 
4  feet.  The  tanned  hides  are  usually  cut  up  into  parallel  strips  of 
the  required  breadth,  and  these  strips  are  then  joined  end  to  end 
by  overlap  tapered  splices  in  order  to  make  up  the  desired  length 
of  belting. 

In  forming  these  splices  the  ends  of  two  strips  Skvejlrat  carefully 
tapered  to  a  thin  edge  by  planing  machines.*  Secondly,  the- 
tapered  faces  are  covered  with  glue.  Thirdly,  they  are  cemented 
together  under  great  pressure.  Fourthly,  as  an  additional  pre- 
caution the  splices  are  laced  with  untanned  ox-hide,  riveted  with 
copper  rivets  and  washers,  or  sewn  with  wax  thread  and  copper 
wire. 

If  a  greater  thickness  should  be  required  than  that  afforded  by 
a  single  strip  of  the  hide  (as  in  the  case  of  double  or  treble 
belting),  then  two  or  three  such  strips  are  thoroughly  glued 
together  under  great  pressure.  The  final  ends  are  left  square 
until  the  roll  of  belting  is  taken  from  the  store  for  the  purpose  of 
making  up  an  endless  belt  of  the  required  length  for  any  par- 
ticular set  of  pulleys.  A  sufficient  length  is  then  cut  from  the 
roll  and  stretehed  before  making  the  final  joint  by  one  or  other  of 
the  following  methods. 

Different  Methods  of  Jointing  Leather  Belts.—Fig.  (1)  show» 
a  joint  which  is  generally  made  in  a  belt  factory  where  the 
necessary  scarfing  planes  and  compressing  gear  are  available. 
Cemented  joints  made  in  this  way  are  nearly  as  strong  as  the 
other  joints.  They  last  longer  and  drive  better  than  when  cut 
up  by  sewing  or  riveting  (see  following  table). 

Fig.  (2)  represents  a  good  connector  for  new  and  stout  leather 
belte.  This  Harris's  fastener  is  laid  down  upon  an  iron  block 
with  the  teeth  upwards.  First  one  end  of  the  belt  is  driven  home- 
upon  one  half  of  the  teeth,  and  then  the  other  end  upon  the  other 
half,  care  being  taken  not  to  disturb  the  curve  of  the  fastener  as> 
this  gives  the  necessary  holding  bite  to  the  teeth. 

Fig.  (3).  The  tough  yellow  metal  fasteners  shown  serve  very 
well  for  belts  running  at  high  speeds  over  small  pulleys.  The 
slits  for  these  clips  are  made  by  a  special  form  of  cutting  pliers  and 
should  be  cut  fully  \  inch  from  the  end  of  the  belt,  being  so  spaced 
that  the  crossheads  of  the  fasteners  come  close  to  each  other  across 

*  Care  should  be  taken  to  plane  the  one  fstrip  from  the  hair  side  and  the 
other  strip  from  the  flesh  side,  so  that  the  belt  as  a  whole  may  present  a. 
nniform  surface  on  each  face. 
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the  strap.  In  order  to  preveut  the  body  of  the  metal  clip  from 
being  bent  up  and  down  when  passing  over  the  pulleys  the  fastener 
should  be  as  short  as  practicable. 

Fig.  (4).  The  strength  of  an  upturned  joint  of  this  form  is  in- 
creased by  inserting  a  leather  strip  or  washer  between  the  turned 
up  ends  as  shown.  For  this  kind  of  joint  Jackson's  patent  bolt 
and  washer  fasteners  are  used  by  Messrs.  John  TuUis  &  Son^  of 
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UPTUfUIED  BOLT£D  JUMP  JOINT. 
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Jump  Joint  connected  by  Cups. 
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Overlap  Laced  Joint.  Laced  Butt  Joint  witn  Apron. 
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The  horizontal  dotted  lines  indicate  the  strands  of  the  lacers 


ON  THE  SIDE  NEXT  THE  PUUEYS. 
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Trto  Methods  of  lacing  Butt  Joints, 

DlFFEREXT  MbTHODS  OF  JoiKTIVO  LSATHER  BeLTS. 

Glasgow.     They  are  also  recommended  by  them  for  cotton  and* 
Llama  hair  belting. 

Fig.  (5)  shows  the  ordinary  overlap  laoed  joint  in  both  section 
and  plan.  Care  should  be  taken  to  taper  down  and  curve  the 
ends  to  suit  the  smallest  pulley  over  which  the  belt  has  to  pass, 
otherwise  the  joint  will  be  stiff,  and,  consequently,  every  time  it 
travels  on  and  off  the  pulley  a  sort  of  hinge  action  takes  place, 
accompanied  by  a  shock,  which  not  only  shortens  the  life  of  the 
belt,  but  also  commuuicates  a  jar  to  the  shaft  and  machine  being 
driven. 
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Fig.  (6).  For  heavy  broad  double  belts,  where  a  8cai*fed  cemented 
joint  cannot  be  nised,  this  form  of  joint  with  leather  apix>n  makes 
a  very  good  connection. 

Figs.  (7)  and  ^8)  show  the  best  methods  of  lacing  simple  butt 
joints.  The  holes  for  the  laoer  are  punched  so  as  to  form  a 
diamond  or  pointed  figure,  whereby  there  are  never  more  than 
two  holes  in  line  across  the  belt ;  and,  consequently,  it  is  possible 
to  retain  almost  the  entire  strength  of  the  belt  without  reducing 
its  flexibility.  Another  plan  of  lacing  a  butt  joint,  which  is 
very  suitable  for  dynamo  driving  and  ensures  steady  smooth 
running,  is  illustrated  by  the  following  figure : — 


Begin  and  Rnd 
Htrt 


7  9  11  IS 

DotUd  Un»9  Show  LaeingB  on  Tntids  of  BeU. 


Plan  of  a  Laced  Butt  Joint  por  a  6-imch  Bblt. 

The  joint  is  made  by  a  Helvatiou  leather  lacer  of  ^-inch  width 
in  one  length,  by  b^inning  at  hole  marked  1,  and  continuing 
through  the  several  holes  in  the  order,  2,  3,  4,  <$ec.,  as  shown  by 
the  figure,  ending  with  hole  1,  which  is  also  marked  21. 

In  order  to  facilitate  the  making  of  any  one  or  other  of  the 
above-mentioned  joints  in  belts  more  than  6  inches  wide,  it  is 
usual  to  employ  a  "  dra wing-up  frame  "  of  the  form  shown  by  the 
accompanying  figure.  The  two  ends,  B^,  B2,  of  the  belt,  after 
being  passed  over  the  driving  and  driven  pulleys,  are  brought 
towards   each  other  and  gripped   by   the  clamps,  Cp  Cj.      The 


BELT  JOINTS. 


317 


Spanner,  K,  is  then  applied  alternately  to  the  nuts  of  the  long 
screws,  S^,  Sj,  until  the  tapers  of  the  splice  are  brought  &irly 
over  each  other,  or  until  the  ends  come  together  fairly  and 
squarely  in  the  case  of  a  butt  joint.     The  lacing  can  then  be  done 
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without  any  other  effort  than  that  of  merely  passing  the  thong 
through  the  holes  and  drawing  it  home  tightly. 

The  chief  objects  to  be  attained  by  a  good  joint  &re— first,  to 
maintain  a  close  approximation  to  the  belt  strength ;  and 
second^  to  keep  the  thickness  and  flexibility  of  the  joint  as  nearly 
equal  to  that  of  the  belt  as  possible  in  order  to  prevent  jumping. 
From  the  following  table  it  will  be  seen  how  far  the  first  of  these 
objects  is  attained  in  practice  : — 

Average  Strength  or  Leather  Belt  Joints. 

And  percentage  strength  as  compared  with  the  averase  strength  of  leather 
belts,  taken  as  4,132  lbs.  per  square  inch.  From  tests  made  by 
A.  H.  Barendt  at  the  Liverpool  School  of  Science. 


Kind  of  Joint. 

Average  Strength 

In  lbs. 
per  square  inch. 

Per  Cent. 
Strength. 

Cemented  (only), 

Ordinary  white  thong,  without  rivets,     . 
Waxed  thread,  without  rivets. 
Wire  sewn  or  clinched,  without  rivets,    . 
White  thong,  with  two  rivets. 
Waxed  thrMd,  with  two  rivets. 
Copper  wire  sewn,  with  two  rivets. 
White  thong,  with  one  rivet,  . 

2,254 
2,404 
3.240 
3,272 
2,262 
2,802 
3,050 
3,226 

5212 

59-4 

78-4 

7918 

64-74 

67-83 

75-81 

78-06 
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Manafactnre  of  Long  and  Broad  Leather  Belting.— By  the 
ordinary  plan  of  cutting  up  hides  into  straight  strips,  their  length 
is  limited  to  about  5  feet,  thereby  necessitating  a  corresponding 
number  of  splices.  Messrs.  Sampson  <fe  Co.,  of  Stroud,  have 
recently  devised  a  method  of  making  long  continuous  strips  of 
leather.  A  disc  of  leather,  4  to  4|  feet  in  diameter,  is  cut  from 
the  hide.  After  being  tanned  and  cured  in  the  usual  way,  it  is 
•cut  in  a  spiral  direction  from  the  outer  edge  to  within  about 
9  inches  of  the  centre.  This  spiral  strip*  is  then  stretched  and 
well  rubbed  until  it  becomes  quite  straight.  It  is  found  that  the 
strength  of  the  leather  is  not  apparently  diminished  by  this  process. 
Of  course,  the  length  of  the  strip  depends  on  its  breadth.  If  the 
breadth  be  onlv  1-5  to  2  inches,  then  a  strip  of  about  100  feet  can 
thus  be  cut  from  a  disc  41  feet  in  diameter.  By  sewing  a  number 
of  Ruch  strips  together  side  by  side,  while  stretched,  a  belt  of  any 
required  width  can  be  obtained.  Belts  75  inches  broad,  ^  inch 
thick,  and  over  150  feet  in  length,  have  thus  been  built  up  for 
transmitting  power  in  mills,  directly  from  the  flywheels  of  lai^e 
engines  to  the  main  shafting.  Long  belts  should  never  be  made 
heavy,  because  the  greater  their  weight,  the  greater  becomes  their 
tendency  to  oscillate  up  and  down,  and  swing  from  side  to  side. 

Which  Side  of  the  Leather  should  Face  the  Pulley. — The  grain 
•or  hair  side  of  the  leather  is  naturally  much  smoother  than  the 
flesh  side,  and  engineers  differ  in  opinion  regarding  which  of  these 
sides  should  run  in  contact  with  the  pulley.  In  this  country,  the 
rough  or  flesh  side  is  almost  invariably  placed  in  contact  with  the 
pulley  ;  but  in  America  it  is  the  smooth  side.  It  is  claimed  for 
the  latter  method,  that  the  life  and  efficiency  of  a  belt  is  thereby 
increased.  Whichever  side  of  the  belt  is  in  contact  with  one 
pulley,  the  same  side  should  be  in  contact  with  all  the  pulleys  over 
which  it  pa.sses,  so  as  not  to  bend  it  alternately  in  diiferent 
directions.  When  the  flesh  side  is  next  the  rim  of  the  pulley,  it 
should  receive  one  coating  of  currier's  dubbing,  and  three  coatings 
of  boiled  linseed  oil  every  year,  in  the  case  of  a  belt  having  to 
•endure  continuous  hard  work.  This  has  the  eflect  of  rendering  it 
about  as  smooth  as  the  hair  side,  and  its  efficiency  as  a  whole  is 
said  to  be  thereby  increased.  When  the  hair  side  is  in  contact 
with  the  pulley,  it  is  usual  to  give  that  side  an  occasional  coating 
of  castor  oil  in  order  to  render  it  more  flexible,  and,  consequently, 
more  durable  than  it  would  be  in  its  natural  state.  Rosin  or 
oobbler's  wax  should  rvenw  be  employed,  as  they  gather  dirt,  and 
form  lumps  on  the  pulley  and  belt. 

Double  and  Treble  Belting. — Sometimes  the  breadth  of  a  single 
belt  necessary  to  transmit  a  given  power  would  be  inconveniently 
.great,  and  hence  double  or  treble  belts  are  used.     These  are  made 
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hy  cementing,  and  then  rivetiog  or  sewing,  two  or  thrm  thicku««aes 
■of  belting  together.  Owing  to  the  greater  rigidity  uf  auch  belts, 
thej  do  not  work  so  satisfactorily  as  single  ones,  and  are  not  well 
adapted  for  rtmning  at  high 


Hpeeds,  • 


:  pulleys  hav- 
of  !. 


3  or  4  feet,  or  in  cases 
where  the  pulleys  are  close 
"together.  This  is  clearly  seen 
from  the  accompanying  illus- 
tration, which  shows  the 
-change  that  is  continually 
going  on  in  thick  belts, 
■especially  when  passing  over 
small  pulleys.  The  compres- 
sion on  the  inner  face  of  the 
belt  is  shown  by  the  necessary 
reduction  in  the  size  of  the 
inside  blocks,  and  the  stretch- 
ing of  the  onter  face  by  the 
parting  of  the  blocks  of  the 
outaide  row,  when  passing 
over  the  pulley. 

UesBrs.  Stttnpeon  &  Co.  build  their  double  belts  by  sewing 
together  and  pegging  with  hard  wood  pins,  a  nniuber  of  speoi' 
ally  cut  narrow  leather  stripe,  with  a  layer  of  canvas  between 
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them,  as  illustrated  bj  the  aocompaDying  figure.  There  is  always 
one  more  strip  on  the  lower  or  working  side  than  on  the  upper 
half.  They  claim  the  advantage  of  being  able  to  prodnce  in  this 
way  a  belt  of  very  nearly  uniform  weight  throughout  its  length, 
having  a  hard,  smooth  surface  formed  on  the  flesh  side,  due  to  the^ 
hammering  required  to  drive  home  and  clench  the  numerous  hard 
wooden  pegs  with  which  the  two  single  belts  are  fixed  together. 
Further,  since  the  sewing  is  not  exposed  on  either  surface  of  this^ 
belt,  the  leather  must  be  nearly  worn  through  before  the  sewing  is- 
damaged. 

Compound  Belting. — In  order  to  avoid  the  internal  straining 
aotion  of  thick  double  or  treble  belting,  it  has  been  found  advisable 
to  simply  put  two  or  three  thin  single  belts  on  the  top  of  each  other, 

without  any  cementing  or 
riveting  together,  as  shown 
by  the  accompanying  figure. 
This  gives  perfect  freedom 
of  action  to  each  belt  to 
accommodate  itself  to  the 
curves  over  which  it  passes 
without  stressing  its  neigh- 
bours. The  friction  bet  ween 
the  surfaces  of  these  several  belts  is  not  found  to  have  any  obser- 
vable objections,  and  it  is  said  that  70  per  cent,  more  power  can 
be  transmitted  by  compounding  two  single  belts  in  this  manner. 
By  the  addition  of  a  third  belt,  still  more  power  may  be  conveyed. 
Messfs.  Tullis  <&  Co.  find  that  by  placing  plain  double  belting  on 
the  top  of  their  linked  chain  belts  (when  arched  to  fit  the  curve 
of  the  pulley),  twice  as  much  power  may  be  transmitted  than  by 
either  of  these  alone. 


GoMPouKD  Belt  Driving. 


Compound  Bklt  Driving  roR  Three  Machines. 

A  simple  modification  of  this  compound  belt  drive  is  illustrated 
by  the  above  figure.  The  power  is  transmitted  from  one  main 
driving  pulley  to  two  or  more  driven  pulleys  by  separate  belts,  all 
moving  in  the  same  plane,  and  in  a  direct  line  with  each  other. 
This  arrangement  saves  considerable  room  in  a  workshop  or 
factory.  It  has  been  proved  to  be  very  handy  for  driving  several 
dynamos  direct  from  one  flywheel,  instead  of  from  independent 
drums. 
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It  is  often  urged  as  an  argament  against  single  bolting,  that  it 
doen  not  work  well  under  the  action  of  shifting  guide  forks. 
This  may  be  avoided  b;  runninf;  the  belt  at  a  siifGcient  speed,  say 
between  2,000  and  3,000  feet  per  minute,  and,  in  all  cases,  by 
placing  the  guiding  fork  at  least  1  foot  from  the  point  where  the 
belt  toticheH  the  ongoing  side  of  the  pulley,  so  as  to  give  freedom 
to  the  belt  to  assume  its  new  position. 

Link  Chain  Belting.— Since  flat  belts  fail  to  take  a  perfect  grip, 
due  to  their  retuinieg  a  cushion  of  air  between  them  and  their 
pulleys,  Messrs.  Tullis  &  Sou,  of  Glasgow,  have  devised  a  oomplete 
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system  of  link  chain  belting.  This  form  of  belting  permits  of  the 
escape  of  the  air  through  the  spaces  between  the  linkM,  and  thus 
enables  the  leather  to  bear  uniformly  over  the  face  of  the  pulley. 

It  is  composed  of  a  series  of  short  leather  links  bound  tt^ther 
by  steel  pins  and  washers.  These  belts  possess  considerable 
flexibility,  and  can  be  made  with  a  flexible  central  row  of  links 
to  ttutomatioally  suit  the  arch  of  any  pulley.  If  desired,  tliey 
may  be  sjiecially  curved  to  suit  any  camber.  They  further  iKwsess 
the  advantage  of  being  easily  shortened  and  rejointed  by  simply 
bringing  the  ends  together  with  a  drawing-up  frame,  interlocking 
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the  links  until  a  row  of  rivet  holes  are  brought  fair  in  a  line, 
and  then  inserting  the  rivet.  When  one  side  of  this  belting  is 
made  thicker  than  the  other  it  is  well  adapted  for  working  on 
tapered  cones  and  for  quarter  twist  driving. 

Victoria  Belting. — A  successful  kind  of  belting  has  of  late  been 
introduced  under  the  name  "  Vu^oria  Belting.'*  This  is  simply 
ordinary  belting  from  which  the  spongy  parts  of  the  leather  on 
the  flesh  side  have  been  pared  away  by  aid  of  machinery,  and  the 
whole  reduced  to  a  uniform  thickness.  A  belt  of  this  description 
is  more  flexible  than  an  ordinary  one,  and,  although  thinner,  is 
about  equal  in  strength.  Double  belts,  made  by  cementing 
and  riveting  two  thicknesses  of  Victoria  belting,  are  little  thicker 
than  ordinary  single  belts,  and  are  quite  as  flexible  and  very 
much  stronger.  The  hair  side  of  each  of  the  parts  cemented 
together  being  kept  outside,  these  will  always  run  in  contact  with 
the  rims  of  the  pulleys  and  guide  pulleys  over  which  they  pass. 

Waterproof  Canvas  Belts. — Next  to  leather,  waterproof  canvas 
belting  of  one  kind  or  another  is  the  most  popular.  It  is  especially 
well  suited  for  paper-mills,  dye-works,  and  other  factories  where 
moisture  or  steam  is  prevalent,  or  for  working  in  the  open  air 
under  varying  climatic  conditions.  The  best  canvas  belting  is 
made  from  selected  Egyptian  cotton.  After  being  folded  to  the 
required  breadth  and  number  of  plies,  it  is  stretched  and  then 
stitched  throughout  its  length  along  the  open  seam.  After  being 
dried  it  is  thoroughly  saturated  with  linseed  oil,  painted  with  red 
silicate  to  make  it  grip,  mangled  to  squeeze  out  the  superfluous 
oil,  and  finally  stretched  for  about  a  fortnight  to  render  it  as  inex- 
tensible  as  possible  under  ordinary  working  conditions.  It  can 
be  made  in  one  piece  of  any  required  length,  breadth,  or  thickness, 
and  it  has  a  greater  breaking  stress  per  square  inch  than  oak 
tanned  leather  in  the  I'atio  of  about  6,700  lbs.  for  canvas  to 
4,100  lbs.  for  the  leather.  It  foiTQs  excellent  main  driving  belts, 
but  once  it  begins  to  wear  and  give  way  at  any  place  it  cannot  be 
repaired  or  patched  so  readily  as  leather,  neither  does  it  so  well 
endure  cross  driving  or  being  acted  upon  by  shifting  forks. 
The  latter  defect  is  to  a  large  extent  overcome  by  protecting 
it  with  stitched  leather  edges  throughout  its  entire  lengtL 

India-Bubber  Belts. — These  belts  present  a  very  smooth,  well 
finished,  and  excellent  gripping  surface.  They  are  made  by  taking 
stout  canvas  of  the  required  breadth  direct  from  the  roll,  passing 
it  over  a  steam  heated  cylinder  in  order  to  expel  the  damp  inherent 
in  the  canvas,  which  would  otherwise  rot  the  first  layer  of  rubber. 
The  web  is  next  passed  between  two  heated  rollers.  From  the 
upper  one  it  receives  a  thin  plastic  coating  of  rubber.  It  is  then 
folded  double ;  or,  if  the  canvas  is  of  the  same  breadth  as  the  belt, 
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two  or  more  plies  similarly  treated  are  pressed  together.  It  is  then 
-entirely  wmpped  in  rubber,  trimmed  along  the  edges,  and  vulcan- 
ised in  steam  boated  moulds  under  considerable  pressure.  They 
-do  not  wear  nearly  so  well  as  leather  belts,  for  the  life  of  a 
hard  worked  one  does  not  exceed  eighteen  mouths,  and  once  the 
rubber  b^ns  to  peal  off  the  working  side  and  the  canvas  heart  to 
wear  they  suddenly  break  straight  across.  They  do  not  give  so 
much  trouble  as  might  be  expected  from  stretching,  and  tliey  can 
be  taken  up  and  jointed  by  the  methods  shown  in  Figs.  1,  4,  and  6 
at  the  beginning  of  this  Lecture.  They  cannot  be  recommended 
lor  shifting  belts,  as  the  edges  which  come  into  contact  with 
the  shifting  fork  soon  become  mgged  and  cut. 

Onttapercha  and  Composite  Guttapercha  Belts.— Solid  gnttar 
percha  belts  have  been  tried,  but  being  expensive,  liable  to  perish, 
and  to  streteh  they  have  been  abandoned.  A.  very  successful  com- 
posite belt  has,  however,  been  introduced  of  lat«  by  Messrs.  B.  >t;  J. 
Dick  of  the  Greenhead  Works,  Glasgow,  which  possesses  all  the 
advantages  of  water-proofed  canvas,  together  with  good  gripping  and 
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lasting  qualities.  It  is  manufactured  from  the  best  "long-staple" 
Egyptian  cotton  canvas,  which  is  cut  to  the  required  breadth, 
dried,  and  covered  on  each  side  with  balnta,  dried  again,  folded  into 
the  number  of  plies  and  breadth  of  the  belt,  covered  on  the  outside 
-with  guttapercha,  and  finally,  is  stretched  in  long  lengths  in 
order  to  render  it  as  inextensible  as  possible  under  working 
oonditions. 

Any  required  length,  breadth,  and  thickness  of  belt  can  be  made 
in  this  way,  and  the  final  single  joint  may  be  so  neutly  scarfed, 
glued,  and  pressed  that  it  is  not  thicker  than  the  ordinary  belt  and 
nearly  as  strong  and  supple.  Or  Walker's  jump-joint  fasteners 
may  be  employed,  as  illustrated  bj  the  accompanying  figures. 

Strength  of,  Working  Tension  in,  and  Horee  Power  transmitted 
by,  Belts. — The  ultimate  strength  of  ordinary  bark  tanned  single 
leather  belting  varies  from  3,000  to  5,000  lbs.  per  square  iucb  of 
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cross-sectioD.''^  It  is,  however,  sometimes  considered  more  oon* 
venient  to  state  the  tenacity  of  a  belt  in  lbs.  per  inch  of  width. 
The  thickness  of  single  belting  varies  from  -^  to  ^  inch,  and  from 
|-  to  |-  inch  for  double  belting.  Taking  the  mean  thicknesses,  we 
may  say  that  the  breaking  stresses  are  from  : — 

750  to  1,250  lbs.  per  inch  of  width  for  single  belts, 
and  1,500  to  2,500  ,,  „  double   „ 

It  is  found,  however,  that  the  strength  of  the  joints  is  sometimefr 
only  about  one-third  of  the  strength  of  the  solid  leather.     Hence, 
the  final  sti-ength  of  an  endless  belt  should  not  be  reckoned  at- 
more  than  one-third  of  the  above  values.    Further,  the  safe  toorking 
tension  should  never  exceed  onafifth  of  this  final  strength  (of  the 
joint),  in  order  to  provide  for  deterioration  and  sudden  changes 
of  load.      From  this  point  of  view,  we  thus  arrive  at  approxi- 
mate values  for  the  safe  working  tensions  by  taking  on&-fit1teenth 
(t.e.,  one-third  for  joint  and  one-fifth  for  factor  of  safety)  of  the- 
breaking  stress  per  inch  of  width,  viz. : — 

For  single  belting,  50  to    80  lbs. 
„    double      „      100  „  160   „ 

In  prctcUcey  however,  the  rule  is  not  to  put  on  a  greater  tension> 
than  50  lbB.t  for  single,  and  80  lbs.  for  double  belts  per  inch  of 
width,  since  it  is  found  that  under  these  mild  conditions,  leather 
belts  run  for  many  years  with  a  minimum  of  lubrication  on  the* 
bearings,  and  with  far  less  chance  of  heating  the  journals  or  stress- 
ing the  shafts. 

The  theoretical  safe  working  tension  per  inch  of  belt  width* 
to  transmit  a  certain  power,  at  a  certain  speed,  without  slipping,, 
may  be  arrived  at  from  another  point  of  view,  viz. : — By  ascer- 
taining the  coefficient  of  friction  between  a  belt  and  its  pulley, 
and  substituting  the  same  in  the  formulse  given  in  Lectures- 
YII.  and  YIIL,  from  which  it  will  be  seen,  that  the  power  which 
may  be  transmitted  by  a  belt  is  determined  by  the  difference 
between  the  tensions  of  the  driving  and  following  sides,  and  the 
speed  of  the  belt,  and  that  the  logarithm  of  the  ratio  of  these  ten- 

*  Messrs.  Tullis  &  Sons,  of  Glasgow,  claim  the  following  from  tests- 
carried  out  at  Lloyd's  Proving  House : — 

For  their  orange  tanned  leather,  a  breaking  stress  of  8,244  lbs.  per  sq.  in., 
with  1  *3  per  cent,  elongation. 

For  the  best  oak  tanned  leather,  a  breaking  stress  of  5,746  lbs.  per  sq. 
in.,  with  3 '8  per  cent,  elongation. 

t  Mr.  John  H.  Cooper,  in  his  TrecUiae  on  the  Use  of  Belting,  pp.  383,  384, 
tabulates  the  results  of  fifty-three  rules  for  the  H.P.  and  stress  transmitted 
by  belts,  and  also  arrives  at  the  above  mean  result  of  50  lbs.  per  inch  oT 
width. 


WORKING  STRESS  OF  BELTS.  325 

flions  is  proportional  to  the  coefficient  of  friction,  and  to  the  arc 
of  the  pulley  embraced  by  the  belt* 

Example  I. — Referring  to  the  following  table,  we  see  that 
one  H.P.  can  be  transmitted  per  inch  of  width  of  belt,  when 
travelling  at  700  feet  per  minute.  Let  the  arc  embraced  bj  the 
belt  be  180"*  and  the  coefficient  of  friction  '25.  Find  the  tensions 
on  the  driving  and  slack  sides  of  the  belt,  and  their  difference. 

Let  T^  ■■  Tension  on  driving  side  in  lbs. 
„    T^  -B  Tension  on  slack  side  in  lbs. 
„     V  —  Velocity  of  belt  in  feet  per  minute  =  700. 
„     fit  ^  Coefficient  of  friction  =  *25. 
,y      ^  s  Ratio  of  length  of  arc  of  contact  to  radius  of  pulley, 

^^^»  ^•^- 33,000      • 

(T..TO=5:H^M00. 

Or,  T,-T.-?-!L^=47.21bs.   .    .   (1) 

From  Leotore  VIL,  equation  (XI.),  we  get : — 

^'"^  *  "  SdhS  "  ^^  ■  ""' 

-•.log«l^  «  log^  X  -4343  =  -25  x  81416  x  -4343 --3411. 
Tf  Tf 

^  -  2-2.     Or,  Trf  =  2-2  T,   .    .     (2) 

Inserting  this  value  in  equation  (1),  we  get : — 

2-2  T,  -  T,  =  47-2.     .*.  T,  -  39-3  Iba. 
And,  Td  =  47-2  +  T,       =  86-5  lbs. 

These  are  the  minimum  working  stresses  per  inch  width  of 
l>elt  which  must  be  applied  to  prevent  slipping  under  the  above- 
mentioned  conditions. 


For  a  deaoription  of  Morin's  experiments  od  the  tension  of  belts  made  at 
a  in  1834,  and  hii  use  of  this  formula,  see  Cooper  on  **  Use  of  Belting," 
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HOBSB-POWBB  THAT  DiFFBBKKT  LbaTHBR  BkLTS  WILL  T&ANSHIT 

PER  Inch  in  Width  at  Various  Speeds. 
{By  A.  O,  Brown^  M.E,^jor  Mtugrave  A  Co.) 


Velocity  of 
Belt  per 
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Heavy 

double 

double 

r 
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1* 

r 
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1" 
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1 
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•13 

•15 
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•24 

•27 
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•30 

•42 

•55 

•25 

•29 

•35 

•40 

•47 

■55 
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•64 
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•38 

•44 

•52 

•60 

•71 

•82 

400 

•61 

•85 

ro9 

•51 

•58 

•69 

•80 

•95 

1-09 

500 

•76 

106 

1-36 

•64 

73 

•86 

100 

M8 

136 

600 

•91 

1-27 

1-64 

•76 

•87 

1^04 

1-20 

1-42 

1-64 

700 

1-06 

1-49 

191 

•89 
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1-21 

1-40 

1-66 

191 

800 

1-21 

1-70 

218 

•92 

116 

138 

160 

1^89 

2-18 

900 

1-36 

1-91 

2-45 

105 

1-31 

155 

r80 

213 

2-45 

1000 

1-51 

212 

2-73 

1-27 

145 

173 

2-00 

2  36 

273 

1100 

1-67 

2  33 

300 

1-40 

1-60 

1-90 

2-20 

2-60 

300 

1200 

182 

2-55 

3-27 

1-53 

1-75 

2  07 

240 

2  84 

3-27 

1300 

1-97 

2-76 

3-55 

165 

1-89 

2  25 

2-00 

3^07 

3-55 

1400 

2-12 

2^97 

3-82 

1-78 

2«04 

2-42 

280 

3  31 

3  82 
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2  27 

3^18 

4-09 

1-91 

218 

2-59 
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3-55 

4  09 
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2-42 

3-39 

4-36 

2-04 

2  33 

2-76 
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3  78 

4-36 

1700 

2-58 

3-61 

4-64 
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2-47 
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3  40 

4  02 

4-64 
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3-82 

4-91 

2-29 

2  62 
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3-60 
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4-03 
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2-76 

3  28 
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4-49 
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3  03 

4-24 
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2  55 

2-91 

3-45 
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5  46 
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4-45 

5-73 

2-67 

3-05 

3-63 
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4^96 
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4-67 
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2-80 

3-20 
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6 -00 
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4-88 

6-27 
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3  35 

3  97 
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5-44 

6-27 
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3-64 

5  09 

6-55 

3  05 

3-49 
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4-80 

5-67 

6  55 

2500 

3-79 
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3  64 
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5  00 
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6  82 
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3-94 
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7-09 
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3-78 

4  49 

5-20 
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3-28 

3-85 

4-66 
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6  38 

7  36 
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5-94 

7-64 

3-31 

3-86 
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3-87 

4-78 
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6-85 
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3000 
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3-86 
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5-97 
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3-85 
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5-96 

7  33 

8^45 

3200 

4-69 

6-79 
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3  82 

4-71 

5-94 

7-37 

8^73 

3300 

4-77 

7  00 

8-86 

3-24 

3-77 
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5  92 

7-35 

8^88 

3400 

4*84 
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8-96 

3  19 
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4  64 

5^87 

7-32 
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4-90 

7-31 

9  06 

313 

3-61 
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5^78 

7-26 

8-80 
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4  95 
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916 
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3-50 
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5  67 
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8-73 
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4-99 

7^48 
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5-55 
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3800 

5  03 
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3-28 
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5  41 

6-87 
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7-60 

9  34 

2-72 

313 
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8^27 
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5  08 

7-64 

y-37 

2  58 

2-95 

3^84 

5  01 

6^48 

8-04 
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General  Reqnirements  for  Belting. — ^The  ultimate  strength  of  a 
belt  is,  bowever,  a  secondary  consideration,  since  it  is  so  very  much 
greater  than  tbe  normal  working  stress.  The  properties  of  greatest 
impoi'tance  are — (1)  straightness,  (2)  stretcblessness,  (3)  pliability, 
(4)  homogeneity,  (5)  uniformity  in  thickness,  (6)  good  flexible 
\oints,  (7)  ease  of  repair,  (8)  endurance  or  longevity.  These  can 
only  be  determined  by  practical  experience.  Further,  the  very 
best  belting  cannot  be  expected  to  work  well  upon  pulleys  which 
are  unbalanced  or  out  of  ti*uth  and  line,  or  which  are  too  close 
together.*  The  pulleys  should  be  as  far  apart  as  possible  and  their 
diameters  as  large  as  possible.  For  example,  at  Messrs.  Clark  <k 
Co.'s  thread  works  at  Paisley  there  are  pulleys  as  far  apart  as 
90  feet.  For  high  speeds  the  pulleys  should  have  little  or  no 
crowuing;  for,  when  a  speed  of  about  3,000  feet  per  minute  is 
reached,  the  sides  of  the  belt  will  rise  up  from  the  face  of  a  heavily 
crowned  pulley  due  to  centrifugal  force,  and  thus  greatly  diminish 
the  area  of  contact,  inducing  slipping,  wearing  of  the  belt,  and 
unsatisfactory  driving. 

Rope  Gearing. — The  transmission  of  power  is  frequently  accom- 
plished by  means  of  ropes  instead  of  belts.  In  addition  to  their 
other  advantages  mentioned  at  the  beginning  of  this  Lecture, 
ropes  seldom  give  way  without  due  warning  by  slackening  or 
fraying  in  one  or  more  of  the  strands,  thus  reducing  the  risk  of 
accident  and  stoppage  of  the  works  to  a  minimum.  The  working 
stress  in  the  ropes  being  but  a  small  fmction  of  their  breaking 
strength,  any  signs  of  weakness  in  an  individual  rope  would  allow 
it  to  be  removed  and  the  engine  run  with  the  remaining  ropes 
until  a  convenient  o]){x>rtunity  is  offered  for  the  replacement  of  the 
weak  member.  Further,  their  comparative  slackness  between  the 
pulleys  facilitates  their  cancelling  any  small  irregularity  in  the 
motive  power. 

These  ropes  are  made  ot  manilla-hemp,  cotton,  leather,  and  raw 
ox  hide.  Hemp  ropes  are  preferred  to  cotton  ropes  for  main 
drives  with  large  pulleys  since  they  are  cheaper,  stronger,  and 
last  nearly  as  long  if  spun  with  a  soft  greased  core.  In  Messrs. 
J.  k  P.  Coats'  great  thread  works,  Paisley,  cotton  ropes  are, 
however,  universally  employed.  They  are  made  "hawser  laid," 
from  the  best  "long  staple''  Egyptian,  white,  untarred  cotton. 
By  "  hawser  laid  "  is  meant  that  the  fibres  of  the  material  are  first 
spun  into  yams  having  a  right-handed  tioist     These  yarns  are 

*Mr.  Henry  A.  Mavor  in  his  reply  to  the  diacuBsion  on  his  paper 
"Belting  for  Machinery,"  read  before  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland,  states  that  (where  possible)  the  pufieys  should 
be  kept  apart  not  less  than  three  times,  and  not  more  than  four  times  the 
diameter  of  the  larger  pulley. 
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next  twisted  Uft-handedly  into  stiunds.  Lastly,  three  such  strands 
are  twisted  together  right-handedly  so  as  to  complete  the  rope.  It 
will  be  noticed  that  when  the  strand  is  twbted  it  untwists  each  of 
the  threads,  and  that  when  the  three  strands  are  twisted  together 
into  rope  this  action  untwists  the  strands,  but  at  the  same  time 
re-twists  the  threads.  It  is  this  opposite  twist  that  serves  to  keep 
the  rope  in  its  proper  form."^  Cotton  ropes,  being  softer  and  more 
pliable  than  manilla  i-opes,  can  be  used  with  smaller  pulleys 
without  undue  injury  to  the  fibres.  This  is  also  considerably  aided 
by  the  natural  wax  in  the  structure  of  the  long  staple  variety 
which  acts  as  a  lubricaut,  and  permits  of  greater  freedom  of  motion 
between  the  several  fibres.  The  life  of  a  good  cotton  rope  is 
usually  about  thirteen  years  if  properly  adjusted  and  well  treated. 

Sizes  of  Ropes  and  Pulleys. — The  size  and  number  of  ropes,  as 
well  as  the  least  diameter  of  pulley,  for  any  given  power,  are  points 
of  importance  and  should  be  considered  for  each  case. 

The  ropes  commonly  used  for  the  transmission  of  power  in 
factories  or  mills  vary  fix>m  3  to  5  inches  in  cireumference. 
No  matter  what  the  diameter  of  the  pulley  may  be,  ropes  of 
I^  inches  diameter  should  not  be  exceeded  for  main  drives,  and 
\\  inches  diameter  for  secondary  drives.  The  diameter  of  the 
smallest  pulley  should  not  be  less  than  thirty  times  the  diameter 
of  the  rope,  as  the  larger  the  pulley  the  less  will  be  the  internal 
friction,  and  consequent  injury  to  the  rope  from  bending  and 
unbending  (see  the  following  table). 

StrengUi  of  Cotton  and  Hemp  Ropes. — The  ultimate  strength 
of  white  untarred  cotton  ropes  may  be  taken  at  9,000  lbs.  per 
square  inch  of  the  nett  sectional  area,  which  is  about  90  per  cent, 
of  the  area  of  the  circumscribing  cirele.  The  normal  working  stress 
should  not  exceed  ^  of  the  ultimate  breaking  stress,  or  say  300  lbs. 
per  squai*e  inch,  although  ropes  are  frequently  worked  at  even  a 
less  tension.  Messrs.  Muegrave  <&  Sons,  of  Bolton,  allow  a  working 
stress  of  about  300  lbs.  per  square  inch  of  sectional  area.  Of  this 
about  20  per  cent,  or  60  lbs.  is  absorbed  in  overcoming  back  tension, 
wedging  of  rope,  &c.,  leaving  240  lbs.  for  centrifugal  force  and 
transmission  of  power. 

The  following  table  from  The  Practical  Engineer  gives  useful 
data  regarding  these  points. 

The  ultimate  strength  oi  new  manilla  ropes  is  about  11,000  lbs. 
per  square  inch  of  the  nett  sectional  area,  which  in  a  three  stranded 
hawser  is  only  about  80  per  cent,  of  the  area  of  its  cireumscribing 
circle.    The  necessary  lubrication,  however,  reduces  the  strength  by 

*  See  The  Practical  Engineer  of  June  22,  1894,  p.  486,  &c.,  for  *<  Notes 
on  the  MaaQ&ctnre  of  Ropes,"  by  W.  C.  Popplewell,  M.So. 
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20  to  30  per  oent.,  but  the  lubrication  of  the  fibren  is  of  much 
greater  importance  than  the  actual  breaking  stredn  The  greater 
freedom  of  movement  amongst  the  fibres  permits  a  heavier  working 
stress  to  be  carried,  and  ensures  a  much  longer  life ;  for  a  pro- 
perly lubricated  manilla  rope  will  outlast  from  two  to  four  similar 
dry  laid  ropes  working  under  the  same  conditions.  There  are 
many  ways  of  lessening  the  internal  friction  ;  one  of  the  best  being 
that  of  coating  the  several  yams  with  a  mixture  of  black  lead  and 
tallow  prior  to  twisting  the  same  into  strands.  Under  favourable 
conditions,  when  thus  treated,  it  is  practically  waterproof,  and  will 
last  for  about  eight  years. 
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Splicing  Bopes. — The  splicing  of  ropes  is  a  matter  of  great  im- 
portance,  and  should  never  be  left  to  unskilled  hands.  In  order 
to  secure  a  sufficiently  strong  joint  its  length  requires  to  be 
from  forty  to  fifty  times  the  diameter  of  the  rope,  or  say  from 
6  to  7  feet  for  main,  and  from  4  to  5  feet  for  secondary  drives. 
The  different  strands  should  be  neatly  interlocked,  so  that  the 
thickness  of  the  rope  is  not  increased.  The  strength  of  a  good 
splice  is  only  about  70  per  cent  of  that  of  the  rope. 

Rope  PnlleyB. — The  pulleys  used  for  rope  gearing  are  made  with 
V-shaped  grooves  around  their  rims,  as  shown  by  the  accompanying 
figures. 

The  sides  of  the  grooves  usually  make  an  angle  of  45*  with  each 
other.  The  ropes  must  never  be  allowed  to  rest  on  the  bottom  of 
the  grooves,  but  only  on  the  sides,  as  shown.     They  are  thus 
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wedged  iuto  the  grooves,  and  the  reaietance  to  slipping  ib  thereby- 
greatly  increased.  This  has  the  effect,  however,  of  producing 
greater  wear  and  tear  of  the  ropes.  In  the  ease  of  guide 
pulleys,  the  rope  should  always  rest  on  the  bottom  of  the 
groove. 


SaonoK  ov  Okooves  vok  Rofb  Phllbts. 

The  following  table  gives  the  proportions  of  grooves  of  the  form 
sLown  in  the  above  figure,  for  ropes  from  ^  inch  diameter  to  2^ 
inches  diameter : — 


PROFOBTIOHS  OP  OrOOVES  FOR 

ROPK  PVL 

DUmeuroIKope.  1     g 

0 

. 

' 

F 

** 

a 

. 

In>. 

Inj. 

Ii». 

In. 

~ln.~ 

In. 

t 

H 

A 

A 

A 

i 

H 

i 

1 

< 

i". 

t 

i 

lA 

A 

J. 

i 

i 

H 

i 

A 

i 

A 

I, 

H 

A 

t 

A 

2A 

1ft 

n' 

is 

i 

A 

p: 

^ 

m 

2i 

H 

H 

2i 

2A 

2! 

11 

i, 

H 

2. 

2| 

2,1, 

3 

1 

2 

24,       .     .    ^ 

2iV 

3A 

H 

2i 

i 

H 

** 

ROPB  PIJLLEYS.  331 

In  tlie  case  of  belte  rnnaing  on  flat-rimmed  pulleys,  we  hare 
wen  that  sufficient  adhesion  to  prevent  slipping  between  the  belt 
and  pulleys  is  obtained  by  stretching  the  belt  over  the  pulleys  with 
an  initial  tension.     But  with  ropes,  it  is  fonnd  that  smoother 


SPECIAL  Posh  or  Bom  Pullmt  by  Watboh,  Laiulaw  1  Co. 

working  and  less  wear  and  tear  take  place  when  the  rope  is  put 
on  the  I'ulleys  with  as  little  initial  MresH  ae  possible.  Henoe  the 
reanoii  for  iucreasing  the  frictional  resigtauce  between  the  rope  and 
it8  pulleys,  by  allowing  the  rope  to  wedge  itself  into  the  grooves 
in  the  pulley  rims.     The  necessary  pressure  between  the  rope  and 
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the  aides  of  the  grooves  to  eneure  sufficient  frictional  odheaioa  ttt 
the  commeucemeat  of  motion,  ia  simplj  that  due  to  the  weight  of 
the   hanging    pai-ta  of 
the  ropea  between  the 
«•*  pulleys.      The    puUeys 

should,  therefore,  be 
large,  aud  be  placed  at 
a  sufficient  honzontal 
distance  apart,  so  as  to 
have  the  arcs  of  C0D> 
tact  between  the  rope 
and  the  pulle3's  aa  great 
as  ]>ossible. 

The  accompanying 
figure  shows  the  con- 
struction of  a  lai^  rope 
flywheel,  in  which  the 
wrought-iron  bolt,  B, 
connects  the  grooved 
Br  f ini.    O  B,    with    the 

wheel  boBB,  WB,  and 
thus  receives  the  tensile 
stress  due  to  oentri- 
fiigal  action  on  G  R. 

In  horizontal  drives, 
the  tight  aide  of  the 
rope  should  always  be 
in  contact  with  the 
lower  parts  of  the  pul- 
leya,  and  the  slack  side 
above,  so  aa  to  obtain 
a  niaxinmm  arc  of  con- 
tact between  the  rope 
aud  the  pulleys,  as 
shown  by  the  foUowiug 
SiOTioF  Of  UiMw  BOPK  Ptolit.  right-hand  figure. 

Ikdkx  to  Pakts. 
W  B  for  Wheel  bosa.       I        A  for  Arm. 
SC   ,,  Steelootters.  GB    „  Grooved  rim. 

B  „  Wronght-iron         BK    „  Barring  rack- 
bolt.  I 
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If  the  drive  be  vertical,  then  the  rope  may  require  a  tighteoing 
pnlley,  in  order  to  iosure  aufficieot 
friction«l  reaiatance  between  it  and 
the  tinder  side  of  tbe  lower  pulley, 
aa  ahown  by  T  P  in  the  right-hand 
figure.  A  tightening  pulley 
naturally  shortena  the  life  of  the 
rope. 


HobuohtjUi  Kopb  Dbiviho. 


VeRTicAL  Rope  Dbiyikg, 


HoltigTOOTe  Rope  Drives. — Where  great  power  has  to  be  trans- 
mitted it  is  neither  convenient  nor  advisable  to  sue  very  thick 
ropes.  The  usual  practice  is  to  have  a  number  of  ropes  running 
in  parallel  grooved  on  one  lai^  pulley  or  wheel.  The  grooves  in 
each  pulley  must  be  of  the  same  size  and  depth,  and  all  the  ropea 
of  the  same  thickness.  They  should  also  be  stretohed  a&  equally 
as  possible  between  the  pulleys.  These  conditions  are  necessary 
to  prevent  some  of  the  ropes  beiug  more  severely  strained  than 
others.     Since  ropes  stretch,  it  is  advisable  to  put  them  all  on  at 


UOLTIOROOVB   ROPS  DrI 


S  EOFI   AND  GtriDt   POLLIT. 


tbe  same  time  when  tbey  are  intended  to  work  on  the  same  pair 
of  pulleys.  In  ceitain  cases,  soch  as  when  driving  an  alternator 
and  its  exciter,  a  single  rope  is  used  with  a  guide  pulley  and 
facilities  for  sliding  the  machines  towards  or  away  from  the  driving 
pulley,  as  shown  by  the  figure,  or  the  guide  pulley  may  also  M 
used  independently  for  tightening  the  rope. 
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HOBSE-POWEH  THAT  GoOD  COTTOK    DrIYINQ    RoPES   WILL  TRANSMIT 

AT  Vabious  Speeds.* 
{By  A.  O,  Brown,  M,E.^for  Mtugrave  db  Co.) 


Velocity 
in  Feet 

per 
Minate. 


600 
700 
800 
900 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2.700 
2,800 
2,900 
3,000 
3,100 
3,200 
3,300 
3,400 
3,500 
3,600 
3,700 
3,800 
3,900 
4,000 
4,100 
4,200 
4,:^00 
4,400 
4,500 
4,600 
4,700 
4,800 
4,900 
5,000 


DIAXKTBR  OF  ROPSS  IN  INOEBS. 


i"     r 


u- 


Ik" 


ir 


HORSS-POWER  THET  WILL  TRANSMIT. 


•84 

1-30 

1-91 

•98 

1-52 

2-23 

112 

1-73 

2-54 

1-26 

1-94 

2-86 

1-39 

216 

316 

1-63 

2-35 

3-47 

1-66 

2-56 

3-77 

1-79 

2-76 

407 

1-92 

2  96 

4-36 

206 

316 

4-65 

2-18 

3*36 

4-94 

2-30 

3-55 

5-22 

2-42 

3  74 

5-50 

2  64 

3-92 

5-76 

2-66 

4  10 

603 

2-77 

4  27 

6-29 

2-88 

4*46 

6-55 

2-99 

4-62 

6-80 

3  10 

4-78 

7  04 

3-20 

4-94 

7-28 

3-30 

5  09 

7-50 

3-39 

5  24 

7-71 

3-48 

5-38 

7-92 

3-57 

6-61 

8^12 

3-66 

5-65 

8-31 

3-74 

5-78 

8-50 

3-83 

5-90 

8-69 

3-90 

6  01 

8-86 

3-96 

612 

901 

403 

6-22 

915 

409 

6-31 

9-29 

415 

6-41 

9  43 

4*20 

6-48 

9-53 

4-25 

6-56 

9-66 

4-29 

6-62 

9-75 

4-33 

tr68 

9-83 

4-36 

6-73 

9-91 

4-39 

6-78 

9-98 

4-41 

6-80 

1001 

4-42 

6  82 

1004 

4-43 

6-83 

1006 

4-43 

6-84 

10-07 

4-43 

6-84 

10-07 

4-43 

6-83 

10-06 

4-41 

6-80 

1001 

2-60 
303 
3-45 
3-88 
4-30 

4-71 

512 

5-53 

5-93 

6-32 

6-74 

710 

7-47 

7  83 

8-20 

8-54 

8-90 

9-24 

9-56 

9-89 

10-18 

10-48 

10-75 

11-03 

11-30 

11-56 

11-81 

1202 

12-23 

12-44 

12-63 

12-81 

12-96 

13-12 

13-24 

13-36 

13-46 

13-55 

13-60 

13  64 

13-66 

13-67 

13-67 

13-66 

13-60 


343 

5-30 

7-69 

10-40 

13-52 

400 

618 

8-96 

12-12 

15-75 

4-56 

7-05 

10-22 

13  82 

17-96 

5-12 

7-92 

11-48 

16-62 

2017 

5-67 

8-76 

12-72 

1718 

22-34 

6  22 

9-61 

13-94 

18-83 

24-48 

6-76 

10-44 

15-15 

20-47 

26-61 

7-29 

11-27 

16-35 

22-10 

28-73 

7-83 

1210 

17-55 

23-72 

30-83 

8-34 

12-89 

18-70 

25-27 

32-86 

8-86 

13-70 

19-88 

26-86 

34-92 

9-37 

14-48 

21-01 

28-39 

36-90 

9-86 

15-25 

2212 

29-89 

38-86 

10  34 

15-97 

2318 

31-32 

40-71 

10-82 

16-72 

24-26 

32-79 

42-62 

11-28 

17  43 

25-29 

34-17 

44-42 

11-75 

1816 

26-35 

35-60 

46-29 

12- 19 

18-84 

27-34 

36-94 

4803 

12-62 

19-51 

28-31 

38-26 

49-73 

13-06 

2017 

29-26 

39-55 

51-41 

13-44 

20-77 

30-14 

40-73 

52-96 

13-83 

21-37 

31-00 

41-90 

64-47 

14-20 

21-94 

31-84 

43-02 

65-93 

14-56 

22-50 

32-64 

44-11 

57-35 

14-91 

23-04 

33-44 

45-18 

58-74 

15-25 

23-57 

34-20 

46-22 

60-08 

15-59 

24*09 

34-95 

47-23 

61-40 

15-87 

24  53 

36-59 

4810 

62-63 

1616 

24-96 

36-21 

48-94 

63-62 

16-42 

25-37 

36-81 

4975 

64  67 

16-67 

25-76 

37-38 

60-51 

66-66 

16-91 

26-13 

37-92 

51-24 

66-62 

17-10 

26-43 

38-35 

51-82 

67-36 

17-32 

26-76 

38-83 

52-48 

68-22 

17-48 

27-01 

39-20 

52-97 

68-86 

17-63 

27-26 

39-53 

53-42 

69-44 

17-77 

27-46 

39-84 

53-84 

69-99 

17-89 

27-65 

4011 

54-21 

70-47 

17-95 

27-75 

40-26 

64-40 

70-72 

18-00 

27-82 

40-36 

64 -66 

70-91 

18-03 

27-87 

40-44 

64-64 

71-04 

18-05 

27-90 

40-48 

64-70 

71-10 

1806 

27-90 

40*48 

54-70 

7110 

1803 

27-87 

40-44 

54-64 

71-04 

17  95 

27-7+ 

40-25 

54-40 

70-70 

*  In  prmotloe^enn.  Clark  A  Go.  of  Falaley  And  thete  powers  to  be  rather  high  for  the 
larger  ropes.  ITor  example,  they  only  allow  85  to  40  H.P.  for  a  If-lnoh  ootton  rope  at 
3,eOO  feet  per  minute. 
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Speed  o(  and  Horse-Power  Transmitted  by,  Ropes. — The  speed 
•of  ropes  is  generally  very  high,  being  from  3,000  to  5,000  feet 
per  minute.  The  usual  or  average  speed  may  be  stated  to 
be  about  4,500  feet  per  minute,  although  some  engineers  have 
used  as  high  as  5,600  with  advantage.  The  preceding  table  shows 
the  power  which  good  cotton  ropes  will  transmit  at  various 
speeds. 

Power  Absorbed  by  Bope  Driving. — It  is  stated  by  some  engineers 
that  rope  gearing  absorbs  10  per  cent  less  power  than  toothed 
gearing.  I  am  assured,  however,  that  this  is  an  error,  for  well 
designed  and  well  applied  tooth  gearing  consumes  little  more  than 
4  per  cent.,  belts  from  5  to  5^  per  cent.,  and  ropes  about  7  per  cent. 

Telodynamic  Transmission.* — The  successful  transmission  of 
power  by  round  endless  wire  ropes  commences  where  a  belt,  or 
cotton  and  hemp  ropes,  would  be  too  long  to  be  used  profitably 
(t.e.,  say  about  50  feet  between  the  diiver  and  follower  for  belt- 
ing and  100  feet  for  ordinary  ropes),  and  ends  economically  at 
distances  of  from  10,000  to  13,000  feet.  For,  the  efficiency  rapidly 
decreases  as  the  distance  increases,  being  about  95  per  cent,  for 
100  yaids,  90  per  cent  for  500  yards,  and  only  60  per  cent,  for 
5,000  yards  under  the  most  favourable  conditions. 

This  system  has  been  much  more  extensively  employed  on  the 
Continent  than  in  this  country,  although  the  author  has  seen 
numerous  instances  of  its  adoption  in  Scotland,  and  in  Orkney, 
for  driving  ordinary  thrashing  mills  where  the  water  power  was 
down  in  a  hollow  and  removed  from  the  steadings  about  200 
to  400  yards.  Messra.  Kochling  and  Trenton,  N.  J.,  state,  that  in 
point  of  economy,  this  system  costs  only  about  -^  of  an  equivalent 
amount  of  belting  and  -^  of  shafting.  This  is  not  to  be  wondered 
At,  since  steel  wire  ropes  are  cheap  and  strong,  and  can  be  run  at 
very  high  speeds  so  that  great  power  may  be  transmitted  by  them 
with  comparatively  light  gearing.  The  range  in  the  size  of  the 
<sible8  used  is,  however,  small,  for  the  employment  of  a  large  wire 
rope  means  self  destruction  and  loss  of  power  due  to  its  bending 
and  unbending  over  the  pulleys ;  and  further  loss  of  power  due  to 
moving  it  at  the  required  velocity  over  great  distances.  For 
example,  a  rope  of  ^  inch  diameter  will  transmit  20  H.P.  or  less, 
and  a  1-inch  rope  300  H.P.,  whereas  a  1^-inch  one  would  not 

*  See  Chapter  Vlll.  of  the  fourth  edition  of  a  Treatise  On  the  Use  of 
BeUing,  by  «fohn  H.  Cooper  (Edward  Meeks,  Walnut  Street  Philadelphia, 
or  E.  k  F.  SpoD,  London,  1891) ;  ElemerUa  qf  Machine  Dengn,  by  Prof. 
W.  C.  Unwin  (Longmans,  Green  &  Co.,  London);  also  the  Howard 
LtcturtM^  by  Prof.  Unwin,  Society  of  Arts  Journal,  1893,  where  an  in- 
teresting aooount  is  given  of  the  rise  and  process  of  Telodynamic  Traoa- 
jnission  as  well  as  details  of  the  latest  practice. 
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BucoessfuUj  transmit  any  more  power,  with  the  same  speed  and 
size  of  palleys  and  the  same  extreme  distance,  owing  to  its  greater 
stifiness  and  weight. 

The  first  of  the  following  figures  shows  a  single  span  with  the 
slack  part  of  the  rope  uppermost : — 


SiKOLB  Span. 


The  second  also  represents  a  single  span  hut  with  the  slack  part 
below  and  supported  in  the  middle  by  a  guide  pulley. 


Span  with  Sinolb  Suppobtino  Pullet. 

When  the  length  of  a  span  is  great,  and  the  height  of  th& 
pulleys  not  sufficient  to  prevent  the  rope  trailing  on  the  ground,, 
it  may  be  supported  in  the  manner  shown  in  the  third  figure. 


SiNGLx  Span  wtth  Multiple  Supporting  Pullets, 

When  the  power  has  to  be  conveyed  over  a  very  great  distance, 
it  is  advisable  to  split  up  the  length  into  intermediate  stations  or 
**  relays,''  each  relay  being  worked  by  a  separate  rope,  as  shown  by 
the  following  figure.    The  pulleys  at  the  relays  are  double  grooved,. 


Independent  Spans. 


DRIVER 


so  that  the  two  ropes  run  together  on  the  same  pulley.      The- 
length  of  a  relay  mtfy  be  £ix)m  400  to  5C0  feet,  with  guide  pulleys- 
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•very  50  or  60  feet.  A  good  example  of  this  is  to  be  found  at 
Schafftiaiiseo  od  the  Rhine,  where  about  650  horae-power  are 
transmitted  through  a  distance  of  2,700  feet  to  twenty-three 
castomers,  where  a  small  rope  of  1-ioch  diameter,  moving  at 
62  feet  ]>er  second,  transmits  3oO  horse-power. 

PnUe7B.^-8ince  bending  in  more  injurious  to  wire  ropes  than 
those  made  of  hemp  or  cotton,  it  b  necessary  to  use  very  large 
pulleys  with  the  former.  This 
not  only  diminishes  the  damage 
done  to  the  cable,  but  also  the 
power  expended  in  bending 
and  unbending  the  rope. 
Further,  the  arcs  of  ooataot 
should  be  08  loiye  as  possible, 
in  order  to  secui-e  sufficient 
fricUonal  reeiatance  between 
the  rope  and  the  pulleys. 
Wire  ropes,  unlike  hemp  or 
eotton  ones,  ronst  not  be 
pressed  laterally  against  the 
sides  of  the  V-shaped  groove)>, 
but  allowed  to  rest  on  the 
bottom.  The  grooves  for  wire 
ropes  are  much  wider  than 
those  for  hemp  or  cotton  ropes, 
and  it  is  necessary  to  line  the 
bottom  of  the  grooves  with 
some  mateiial  softer  than  iron, 
such  as  wood,  guttapercha,  old 
rope,  tarred  oukum,  or  leather, 
SI)  as  to  protect  the  rope,  and 

increase  ite  resistance  to  sliii-  Lirob  Puu^r  fok  Wire  Ropbs. 
ping.    The  last  material  is  most 

extensively  used  for  this  purpose.  The  leather  is  cut  into  sections 
of  the  dove-tailed  shape  shown  shaded  dark  in  the  figures  on  the 
next  page,  and  set  in  on  end  around  the  rim.  Sci'ap  leather,  cut 
from  old  shoes  or  pieces  of  belting,  does  very  well,  but,  being 
very  thin,  it  takes  at  least  a  thousand  of  them  for  a  7-foot  wheel. 
When  many  are  wanted,  it  is  worth  while  to  make  a  die  to  cat 
them  out  accurately  and  quickly.  This  is  the  most  dnrable  filling 
that  can  be  made,  but  it  is  reported  that  even  leather  doc«  not 
last  more  than  six  months'  oontinuona  work.*  The  guide  or  sup- 
porting pulleys  do  not  require  to  be  lined  in  this  way. 

*  It  occurs  to  the  aathor  that  oomptesMd  brown  paper  miitht  nuka  a 
good  lining  for  th«  botlom*  of  th«  graovea  of  these  wire-rope  pmlefi. 

22 
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The  ropes  need  for  telodjDRmic  traDsmiasion  are  generally  made 
of  steel  wires.  There  are  usually  six  strands  in  each  rop&  Each 
strand  is  coinposf<d  of  sis  wires  twisted  around  a  hempen  core, 
aud  these  six  strands  are  then  laid  around  a  central  hempen 
core.  Ab  with  hemp  or  cotton  ropes,  the  strands  are  twisted 
in  the  opposite  direcUon  to  the  wires  composing  them.     Finall]', 


StMOLi  Orootb.  Docsu  Groove  for  Rbuts, 

th«  rope  is  protected  from  oxidation  by  a  coating  of  boiled  lioaeed 
oiL  Considerable  tronble  is  caused  by  the  stretching  of  these 
cables,  but  this  may,  to  a  large  extent,  be  prevented  by  passing 
theni  (before  use)  between  grooved  compression  rollers,  which 
kills  this  tendency  to  stretch,  although,  at  the  same  time,  it  of 
necessity  slightly  diminishes  their  diameter. 

The  splicing  of  these  ropes  must  be  done  by  a  pi'actised  hand,  in 
order  that  the  splices  may  not  be  distinguishable  iu  size,  strength, 
and  appearance  from  the  factory  made  cable.  The  splices  should 
be  of  such  a  length — say  20  to  30  feet  for  1-incli  ropes — that  the 
friction  between  the  interlaid  wires  may  eauly  withstand  the 
tension. 

These  wire  ropes,  when  at  work,  are  subjected  to  three  diffei'eBt 
etresses — (1)  the  longitudinal  tension  due  to  the  power  ttansmitted 
and  their  own  weight,  (2)  the  bending  stress  when  passing  over 
the  pulleys,  and  (3)  the  centrifugal  stress.  As  a  rule,  the  longi- 
tudinal tension  on  the  tight  side  is  made  twice  that  on  the  slack 
side,  and  the  diameter  of  the  pulleys  is  so  chosen  that  the  bending 
stress  is  about  equal  to  the  maximum  longitudinal  stress.  The 
centrifiigal  stress  is  usnally  neglected,  unless  the  velocity  of  the 
ropes  is  exceptionally  great.  The  working  t«Dsion  is  seldom 
greater  than  16,000  lbs.  per  square  inch  of  section,  although  the 
'  steel  wires  composing  the  same  withstand  from  70  to  100  tons  per 
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square  ibclu'*'  The  life  of  these  ropes  does  not  appear  to  be  much 
more  than  one  year  when  working  continuously ;  consequently, 
it  is  found  advisable  to  keep  a  spare  rope  spliced  and  ready  for 
action  in  case  of  accident. 

Wire  Bope  Haulage  and  Transport.— Although  this  large  subject 
naturally  follows  what  has  been  said  on  telbdynamic  transmission, 
there  is  neither  space  nor  time  for  a  full  treatment  of  the  question 
in  this  book.  .  Consequently,  we  roust  refer  students  who  may 
desire  to  pursue  this  subject  to  those  books  and  papers  wherein 
the  different  systems  are  described  and  discussed.!  The  various 
Kope  Tramways  to  be  met  with  in  San  Francisco,  Chicago,  New 
York,  Melbourne,  London,  and  Edinburgh  are  excellent  examples 
of  fast  speed  rope  haulage.  These  instances  are,  however,  excelled 
as  far  as  speed  and  distance  are  concerned  by  the  District  Subway 
of  Glasgow.  Here,  there  are  two  parallel  circular  iron  tunnels,  each 
6}  miles  long,  with  thirteen  stations.  Through  these  run  seven  trains 
of  two  cars  each,  at  a  speed  of  between  18  and  20  miles  per  hour. 
These  trains  are  worked  by  an  endless  steel  wire  rope  kept  in  con- 
tinuous motion  by  stationary  engines  coupled  to  grooved  drums 
and  the  necessary  accessories.  When  about  to  leave  a  station,  all 
that  the  train  driver  has  to  do  is  to  bring  the  cable-grip  into  action 
with  the  moving  rope,  and  when  arriving  at  one  he  has  simply 
to  disengage  it  aod  apply  the  brake,  as  may  be  seen  from  the 
accompanying  figures.  | 

*  See  Paper  on  **  Wire  Ropes,"  by  A.  S.  Biggart.  Pn>ouding»  of  the 
InslittUe  of  CivU  Engineert,  vol.  ci.,  p.  231,  1889-90. 

t  See  Paper  on  *'The  Monte  Penna  Wire  Ropeway,"  by  W.  P.  Church- 
ward.    Proc^  Inst,  CivU  Engineera^  vol.  Ixiii.,  p.  273. 

Paper  on  "Three  Systems  of  Wire  Rope  Transport,"  by  W.  T.  H. 
CarriDgton.     Proc,  Inst,  Civil  Engineers^  vol.  Ixv. ,  p.  299. 

Paper  on  **Wire  Rope  Street  Railways  of  San  Francisco  and  Chicago," 
by  W.  Morris.     Proc,  Inst,  CivU  Engineers,  vol.  Ixxii.,  p.  210. 

Paper  on  *'The  Temple  Street  Cable  Railway,  Los  Angeloe,  California," 
by  P.  W.  Wood  and  H.  Hawgood.  Proc,  Inst.  CwU  Engineers,  vol.  cvii., 
p.  323. 

Street  RaUways :  Their  Construction,  Operation,  and  Mcdnienance,  by  C. 
B.  Fairchild  (The  Street  Railway  Pablishing  Co.,  World  BoUdings,  New 
York). 

X  These  two  fi|ni'^  ^^^  the  one  of  a  "  Multiffroove  Rope  I>rive"  for 
one  rope  and  guide  pulley,  were  kindly  providea  by  the  institation  of 
Civil  Engineers  with  the  approval  of  the  CoonciL 
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The  gripper  attachment  u  fixed  to  the  end  t^  the  Bh&nk,  B, 
which  is  >  flat  bar  of  iron  6J  inches  wide  by  g  inch  thick,  working 


through  a  longitudinal  slot.      This  gripper,   A,  conaiats  of  tw» 
pairs  of  email  Bheavea  about  3|  inches  in  diameter,  and  placed  at 


CABLE  TBAUWAT. 


$5 


S.-S 


i  ll « 8  i 

5  ii  it"  1^ 


s:Jj§ 


■5.'  .  Sf-se  ^« 

sill  S-sB-Sj, 
au.s<s-5S  »B 
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Lkcturb  XVIL— Questions. 

1.  Under  what  respective  circumBtances  would  you  use  belt,  rope,  and 
chain  searing,  and  state  the  adyantages  and  disadvantages  of  each  ? 

2.  Explain  how  the  best  leather  belts  are  made  and  spliced. 

3.  What  is  meant  by  "compound  "  belting?  For  what  reasons  is  it  pre- 
ferred to  "  double  "  or  "  treble  "  belting  ? 

4.  Give  a  short  description  of  "chain,"  "Victoria,"  and  *' composite 
guttapercha"  belting.  State  their  respective  advantages  and  disad- 
vantM^es. 

5.  The  tension  on  the  slack  side  of  a  belt  is  half  that  on  the  tight  side. 
The  limiting  tension  is  40  lbs.  for  each  inch  in  width  of  the  belt.  Find  the 
breadth  of  the  belt  to  transmit  40  horse-power  from  a  pulley  3  feet  in 
diameter  making  100  revolutions  i>er  minute  (Adv.  Sc.  &  A.  Exam.,  1894). 
Ana,  70  inches. 

6.  A  belt  transmits  35  horse-power  when  moving  at  3,300  feet  per 
minute.  Find  the  net  driving  tension.  If  the  coefficient  of  friction  be  *3, 
and  the  belt  embraces  half  the  circumference  of  the  pulley,  find  th& 
tensions  on  the  driving  and  slack  sides  respectively.  What  width  of  belt 
would  you  use  ?    Ans.  350  lbs. ;  575  lbs. ;  225  lbs. ;  11  '5  inches. 

7.  Explain  the  construction  of  cotton  and  hemp  ropes  for  driving, 
machinery,  and  give  their  respective  strengths  and  advantages. 

8.  Sketch  a  section  of  the  rim  of  a  rope  pulley  for  a  1-inch  rope,  marking 
all  the  dimensions. 

9.  What  is  "  Telodynamic  Transmission  of  Power  ?  "  Howls  it  applied 
for  short  and  long  distances  ?  Give  sections  and  description  of  the  ropes, 
and  of  the  single  and  double  grooved  pulleys  used  in  this  system. 

10.  Describe  the  machinery  employed  in  the  manufacture  of  wire  ropes, 
and  give  a  detailed  account  of  the  process  of  constructing  a  wire  rope. 
With  the  aid  of  sketches,  describe  how  the  ends  of  such  a  rope  are  secured 
so  that  its  full  strength  may  be  utilised  (Sc.  &  A.  Hons.  Mach.  Cons.  Exam., 
1895).  (See  Mr.  Smith's  paper  in  the  Proc,  Mech,  Eng,  1862,  and 
Unwin*8  Machine  DesifjUt  part  I. ) 

11.  Give  a  sketch  and  short  description  of  tramway  rope  haulage. 

12.  Answer  only  one  of  the  following,  A,  B,  C,  or  D : — A.  A  bevil- wheel, 
revolving  at  93  revolutions  per  minute,  40  ooffs,  2-inch  pitch,  5-inch  face, 
drives  a  mortise  wheel  at  120  revolutions ;  sketch  the  wheels  in  section, 
roughly  correct  as  to  the  scales  of  the  various  parts.  B.  Describe  how  the 
above  gearing  may  be  replaced  by  rope  gearing.  0.  Describe  an  escaiie- 
raent  of  a  clock  or  watch.  State  exactly  how  it  gives  the  impulse  to  the 
pendulum  or  balance.  D.  Describe  four  well-known  mechanisms  based  on. 
the  slider-crank-chain.     (S.  k  A.  Adv.  Exam.,  1897.) 

JVoto.— See  Prof.  Unwin's  Machine  Design,  vol.  1.,  chap,  iz.,  1892  Edition. 
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LECTURE  XVIIl. 

CoiTTENTB. — ^Velocity-Ratio  with  Belt  and  Rope  Transmiesion— Example  I. 
— Velooity-Ratio  in  a  Compound  System  of  Belt  Gearing — Example  II. 
— Length  of  a  Crossed  Belt — Examples  HI.  and  IV.— Length  of  an 
Open  Belt — Examples  V.  and  VI. — Frictional  Resistance  between  a 
Belt  or  Rope  and  its  Pulley — Frictional  Resistance  between  a  Rope  and 
a  Grooved  Pulley— *' Slip"  or  "Creep"  of  Belts  due  to  Elasticity^ 
Horse-power  Transmitted  by  Belt  ana  Rope  Gearing — Examples  V IL 
and  Vni. — Influence  of  Centrifugal  Tension  on  the  Strength  of  High- 
Speed  Belts  and  Ropes — Example  IX. — Questions. 

Velocity-Ratio  with  Belt  and  Rope  Transmission. — It  is  shown 
in  our  elementary  treatise  that  when  two  pulleys  of  diameters, 
Dj,  Dg,  are  connected  by  a  belt  or  rope,  their  angular  velocity- 
ratios  are  inversely  as  their  diameters — i.e.,  if  Nj  and  Ng  be 
their  respective  number  of  revolutions  in  a  given  time,  then  : — 

Ni:N,-D,:D, (I) 

This  equation  is  only  true  on  the  supposition  that  there  is  no 
slipping  between  the  belt  or  rope  and  the  pulleys  ;  and  also,  that 
the  thickness  of  the  belt  or  rope  is  so  small  in  comparison  with 
the  diameters  of  the  pulleys,  that  it  may  be  neglected. 

Let  6  =  Diameter  of  the  rope  or  thickness  of  the  belt. 

Then,  the  working  diameter  of  the  pulleys  will  be  D^  -f  d,  and 
Dj  +  d,  respectively.     Consequently : — 

Ni  :Nj  =  Dj-f  a:Di  +  a (11) 

Example  I. — Compare  the  angular  velocities  of  two  pulleys 
of  diameters  24  and  10  inches  respectively  when  the  thickness 
of  the  belt  in  |  inch. 

(1)  Neglecting  the  thickness  of  the  belt,  we  get : — 

NjDg^  2424 
Nj  ~  Dj  -  10  "    1  • 

(2)  Taking  the  thickness  of  the  belt  into  account,  we  get : — 

N^      I>^  +  d  ^  24  H-  f      195      235 
Nj  "  Dj  +  a  ""  10  +  I  ~  83  "     1    • 

We  thus  see  that  by  taking  the  thickness  of  the  belt  into 
account  the  velocity-ratio  is  diminished,  and  in  this  example 
in  the  proportion  of  240  to  235,  or  by  2-1  per  cent.  '^ 
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Velodty-Batio  in  a  Compoond  System  of  Belt  Gearing. — When 
there  are  a  number  of  pulleys,  A,  B,  G,  D,  E,  F,  oonnected 
together  by  belting,  as  illustrated  by  the  above  figure,  let  D^  D^ 
&c^  denote  their  respective  diameters,  and  N^,  Nb,  <bc.,  their 
revolutions  per  minute. 

Nb      D^        .  No      Do     .^  N,      D. 

By  multiplying  together  the  corresponding  members  of  these 
-equations,  we  get: — 


X 

No 

X 

N, 

Nb 

Da 

Do 

E 

Vblooitt-Ratio  in  a  Compound  System  or  Belt  GiABiKa. 

Since  the  pairs  of  pulleys,  B  and  C,  and  D  and  £,  are  fixed  to 
their  respective  shafts,  N^  =  'Nq  and  N]>  =  N^.  By  cancelling 
these  equal  values,  we  get : — . 

N,  _  Da  X  Dp  X  Dg 

N^  "  Db  X  D^  X  D, <^^^^ 

If  we  call  pulleys  A,  0,  and  E  the  drivers  and  B,  D,  and  F 
■ithe /ollou^erSf  we  obtain  the  following  rule  : — 

Product  of  diameters  of  all  the 
Bevolntions  of  last  follower  driverB. 

BevolntionB  of  first  driver         Product  of  diameters  of  all  the 

followers. 

-Or,       Speed  of  first  driver  x  product  of  the  diameters  o/aU 

the  drivers. 

M  Speed  o/last/oUoioer  x  product  of  the  eUameters  of  all 

the/oUowers. 
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The  radii  or  circumferences  of  the  pulleys  may  be  substituted 
for  the  diameters. 

If  the  thickness  of  the  belts  be  taken  into  account,  then  the 
pulley  diameters  must  be  increased  by  the  thickness  of  the  belts. 

Example  II. — An  engine  is  employed  to  drive  a  fan  by 
means  of  pulleys  and  bands,  the  first  driving  band  passing  over 
the  flywheel  of  the  engine.  The  train  consists  of  (1)  the  fly- 
wheel, A  ;  (2)  two  pulleys,  B  and  C,  on  one  axis ;  (3)  two  other 
pulleys,  D  and  E,  on  another  axis  ;  and  (4)  a  pulley,  F,  to  the 
axis  of  which  the  fan  is  attached.  The  diameters  of  A,  6,  0,  D, 
E,  F  are  as  12,  3,  8,  2,  5,  1  respectively,  and  A  makes  20  revolu- 
tions per  minute.  How  many  revolutions  does  F  make  per 
minute  ? 

Here  D^  =  12;  Dj  =  3  ;  Dc  =  8  ;  D^  =  2  ;  D^  =  5  ;  D,  =  1; 

N^  =  20. 


Then, 


N.  D«    X    Dn    X    Dv 


12  X  8  X  5 
3x2x1 


=  80. 


Np  =  Nj^  X  80  =  20  X  80  =  1,600  revs,  per  min. 

Length  of  a  Crossed  Belt — An  endless  belt  stretched  over 
two  pulleys  may  be  either  crossed  or  open,  according  as  the 
pulleys  are  required  to  rotate  in  the  same  or  in  the  opposite 
direction.     We  shall  now  prove  by  aid  of  the  following  figure 


Lbvoth  of  a  Grossed  Belt. 


that  a  driving  belt  when  crossed  will  serve  for  any  pair  of  pulleys, 
so  long  as  the  distance  between  the  centres  of  the  pulleys  is 
the  same,  and  the  sum  of  the  diameters  is  constant. 


ft 
» 
it 
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Let     R,  D  =  Radius  and  diameter  of  pulley,  A, 
r,  d  =  Radius  and  diameter  of  puUej,  B, 
a  -  Distance,  A  B, 
L  =  Length  of  belt, 
2  =  Sum  of  diameters  =  D  +  </, 
A  =  Difference  of  diameters  =  D  —  c?. 

Then,       L  =  2  {arc  H  D  +  D  F  +  arc  FK}. 

Or,  L  =  2  •!  R  ^5   +  <^j  +  ocos<^  +  r(  ^    "*"  *^ )  f 

L  n«  0  +   <^^  (D  +  fl?)  +  2acos<^.     .     .     .     (IV) 

If  (D  +  (Q  has  always  the  same  value,  then  <f>  will  also  remain 
constant ;  and,  therefore,  L  will  be  a  constant  length. 
From  the  figure  we  see  that : — 

.     ,       AD,       R  +  r      D  +  rf       2 
^"'^^AB    =  -S-=^~2^=  2"a    , 

But,  cos  4>  =  v^l  —  sin*  <^  =  ^ — ^i 

L=  (I  +<^)2  +  V4a*-2». (IV„) 

This  is  one  equation  from  which  the  length  of  a  crossed  belt 
may  be  calculated. 

In  using  equation  (IVa)  it  must  be  observed,  that  <^  is  expressed 
in  circular  measure.  After  obtaining  sin  <^  from  equation  (Y), 
the  angle  ^  can  be  found  in  circular  measure  or  in  degrees  by 
referring  to  Trigonometrical  Tables  of  Natural  Sines.  If  <^  be 
expressed  in  degrees,  let  it  be  denoted  by  ^°,  then  the  circular 
measure  of  ^  is  found  by  multiplying  <^®  by  O-OITS.* 

Thus,  <f>  =  <!>''  X  00175. 

Example  III. — A  shaft  making  100  revolutions  per  minute 
carries  a  driving  pulley  2^  feet  in  diameter  and  communicates 
motion  by  means  of  a  belt  to  a  parallel  shaft  at  a  distance  of 
6  feet,  carrying  a  pulley  1  foot  in  diameter.  Find  the  speed  of 
the  belt  and  an  expression  for  its  length  when  crossed.  Find 
also  the  number  of  revolutions  per  minute  of  the  driven  shafts 
allowing  a  slip  of  1}  per  cent.  (S.  &  A.  Adv.  Exam.,  1893). 

*  How  this  number  Ib  obtained  is  explained  farther  on  in  this  Lecture. 
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Answer. — (1)  Speed  of  belt  =  Circumferential  speed  of  driving 

pulley, 

„       „       -  3-1416  X  2i  X  100  =  7864  feet 

per  minute. 

(2)  The  length  of  a  crossed  belt  has  been  shown  in  the  text 
to  be: — 


L=(|  +  <^)2+  ^ia^'t". 


From  the  data,  we  get : — 2  =  D  +  c?  =  2*5  +  1  =  3*5  feet, 

2        3 '5 
«  «=  6  feet,  and  sin  tf  =  tt-  =  "tt  =  '2917. 
^  2a       12 

Referring  to  a  table  of  Natural  Sines,  we  find  the  angle  whose 
eine  is  =  '2917  to  be  about  17'. 

Hence,  <^  =  17  x  00175  =  -2975  radians. 


-( 


^^2—  +  '2975^  3-5  +  V  4  x  G^  -  352. 


i.tf.,       L  =  6-54  +  11-48  =  1802  feet.* 

(3)  If  there  were  no  slip,  the  speed  of  the  driven  pulley  wauld 
be: — 

D  2*5 

w  =  Nx-^  =  100x^  =  250  revolutions  per  minute. 

*  The  Btndent  should  notice  that  sin  <p  and  0  agree  to  the  second  decimal 
-figure,  and  this  is  true  for  all  angles  up  to  about  21^  The  smaller  the 
Angle  the  more  nearly  do  sin  0  and  ^  agree  in  numerical  value.  Now,  in 
the  examination  room,  no  tables  of.  Natural  Sines  are  allowed,  and  the 
student  is  not  expected  to  calculate  <p  from  the  value  of  its  sine.  But  in 
•engineering  problems  of  this  kind  it  is  considered  sufficiently  accurate  to 
take  numbBrs  to  two  or  three  decimal  figures;  hence  the  student  may 
Assume  that — 

0  =  sin  0  =  -29*2. 

Then,  L  =  (^^^  +  •292'\    3-5  +   ^TIT^'^^S^ 

t.6.,  L  =  6-52  +  11-48  =  18  feet. 

This  only  differs  by  about  '1  per  cent,  from  the  oorrect  answer.     The 
•error  introduced  when  we  take  0  =  sin  0  is  12975  -  -292  =  -0055,  or 
*55  per  cent.  only. 


STEPPED   SPEED-GONE  FOR   CROSSED  BELT.  349* 

But  sinee  there  is  1-J-  per  cent,  slip  the  actual  speed  is  only 
98^  per  cent,  of  this. 

98*5 
rii  »   Yoo  ^  ^^^  "^  246*25  reYolntionB  per  minute. 

The  length  of  the  belt  could  also  be  obtained  by  drawing  the- 
figure  accurately  to  scale.  The  student  should,  therefore,  obtain 
an  answer  in  this  way  to  the  second  part  of  the  above  question,, 
and  compare  his  results  with  those  which  we  have  just  found. 

Example  IY. — A  shaft,  having  a  stepped  speed-oone  with 
four  steps,  revolves  at  a  constant  speecl  of  180  revolutions 
per  minute,  and  is  connected,  by  a  crossed  belt,  to  another 
shaft  having  a  similar  stepped  oone.  The  diameter  of  the  largest 
step  of  the  cone  on  the  driving  shaft  is  16  inches.  The  driven 
shaft  is  required  to  run  at  speeds  480,  300,  160,  and  90  revolu- 
tions per  minute  respectively.  Determine  the  diameters  of  the 
remaining  steps  of  the  two  cones. 

Answeb. — Let  D^,  Dj,  D3,  D^  denote  the  diameters  of  the  four 
steps  of  the  cone  on  the  driving  shaft ;  D^  being  the  diameter  of 
the  largest  step. 

Let  ^,  d^  d„  d^  denote  the  diameters  of  the  four  steps  of  the 
cone  on  the  driven  shaft ;  d^  being  the  diameter  of  the  smallest 
step. 

Then,      Dj  +  c^^  =  D,  +  rf,  -  D3  +  rfg  «.  D^  +  d^  =  2. 

Let  N  denote  the  speed  of  the  driving  shaft,  and  let  N^,  Nj, 
N3,  N^  denote  the  four  different  speeds  of  the  driven  shaft,  so 
that 

N  -  180;  Ni  =  480;  N,  =  300;  N,  =  160;  N^  =  90. 
We  have  first  to  determine  d^j  and  thereby  S. 

(/i  =  .gQ  X  16  =  6  inches. 
2  =  16  +  6  =  22  inches. 
For  steps  D^,  d^  we  get : — 

And,  rfj  -  22  -  13-75  =  8-25  inches. 
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Similarly, 
And, 
Again, 
And, 


*      No  +  N 


160 
160  +  180 


X  22  =  10  35  ins. 


(/g  =  22  -  10-35  -=  11-65  inches. 


*      N^  +  N  90  +  180 

{/^  =  22  -  7-3       =  14-6  inches. 


X  22  =  7-3  inches. 


Hence,  we  have: — 

Driting  Cone. 
D^  -  16      inches. 


Dj  =  13-75 
D3  =  10-35 

D4  =     7-3 


It 

99 


Driven  Cone. 

c?|  =     6     inches. 
d^  =     8-25 
d^  =  11-65 

d^  =  14-6 


99 
9} 


Length  of  an  Open  Belt. — B7  referring  to  the  next  figure 
And  proceeding  as  before,  we  can  determine  the  length  of  an 
open  belt  connecting  any  pair  of  pulleys. 

Here,     L  =  2  {  arc  H  D  +  D  F  +  arc  F  K  }. 


Or, 
Or, 


I-  =  2  |r  ^-|  +  9^  +  a  cos  p  +  r  ^  I  -  p^  I . 
L  =  ^{B  +  d)  +  ^(D-c?)  +  2acos9. 


2  +  ^  A  +  2  a  cos 


(VI) 


Lbngth  of  an  Opkn  Belt. 

Here  2  and  A  cannot  both  be  constant  quantities  for  two  or 
more  pairs  of  pulleys.  Hence,  if  the  sum  of  the  diameters  of 
each  pair  of  pulleys  be  the  same,  an  open  belt  of  constant  length 
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cannot  be  made  to  work  equally  tight  on  the  various  pairs  of 
pulleys. 

We  shall  now  obtain  an  approximate  and  more  convenient 
formula  for  the  length  of  an  open  belt  than  that  given  by 
equation  (VI). 

Since,  in  this  case,  f  is  always  very  small,  we  may  write : — 

f  =  sin  9. 
AD. 


i>  X  .  AD,        A  \ 

But,        8.np  =  ^=.^^.  \ 

P  ^  .^— ,  approximately.  I 


(VII) 


^2 

^  A  = 


2  a\ 

A 1  n ^T-       \/  4  a*  -  A« 

Also,        cos  ^  =   V  1  -  sin*  ^  = jr 

Substituting  these  values  of  9  A  and  cos  ^  in  equation  (VI), 

We  get,        L  «  Js  +  ^  +    ^/4a2-.A«. 

By  the  binomial  theorem,  we  can  expand  the  last  expression 
in  this  equation  to  any  required  number  of  terms. 

The  third  and  following  terms  on  the  right-hand  side  are  very 

A* 
small,  since  7— ^   is  of  itself  very  small.     We  may,  therefore, 

neglect  all  terms  after  the  second. 

(A*  \  i  A* 

1  -  J— 2/     *  1  -  o— ^>  approximately. 

T  r  A*  A'  ) 

Hence,  ^  =  2  ^  *  ^  *  {  4««  +  ^  '  8p}- 

U.,        .  L- j2  +  2a{l  +  Q^i|.       .    .      (VI.) 

This  is  evidently  a  more  convenient  expression  for  the  length 
of  an  open  belt  than  equation  (VI). 
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Id  the  case  of  ft  orosaed  belt  it  has  been  Bhown  that  the  belt 
will  work  eqttttlly  tight  and  wall  on  any  pair  of  pulleys  on  the 
same  shafta  so  longaa  the  lum  of  the  diameters  of  the  two  pnlleys 
is  constant.  Thus,  if  a  crossed  belt  be  used  for  connecting  two 
stepped  speed  cones,  the  sum  of  the  diameters  of  alternate 
pulleys  must  be  constant.  If,  however,  an  open  belt  be  used 
the  sum  of  the  diameters  of  each  pair  of  working  pulleys  will  not 
be  constant.    Consider  two  pairs  of  pulleys  on  tbe  stepped  oonea. 

Let  Dj,  d^  ^  Diameters  of  first  pur. 
„     Dj,  d^  ^  Diameters  of  second  pair. 

2,  =D,  +  rf,;  2s=I>,  +  rf, 

„  A,  =  Di  -  (^;  iij  =  Dj  -  rfy 

Then,  since  the  length  ol'  the  belt  is  constant,  we  get ;- 


This  formula  gives  ua  the  earn  of  the 
diameters  of  the  seoond  pair  of  pulleys  in 
terms  of  the  sum  and  difference  of  the 
diameters  of  the  first  pair.  The  difference, 
Aj,  of  the  diameters  of  the  second  pair  of 
pulleys  also  enters  into  this  equation,  and 
this  must  be  found  before  2j  can  be  ob- 
tained. 

Let  A  B  be  the  main  shaft  running  oon- 
atantly  at  S  revolutions  per  minute.  Let 
N,,  Nj  be  the  speeds  of  the  shaft  G  D 
when  the  belt  is  on  the  pulleys  1  and  2 
respectively. 

Now,  calculate  ^  on  the  assumption 
that  the  belt  is  crossed.  This  is  not  ex- 
actly, but  very  approximately,  correct. 
aTcrrBD  Coxn.  Hence,   neglecting  the    thickness  of    the 

belt,  we  get : — 

Dj      N,  Dj,  -  rf,       N^-H 

rf,  "  N'  ••  Dj  +  (/,  "NsH-  N' 
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But,  since  we  are  to  assume  that  the  belt  is  crossed  in  this 
calculation,  we  roust  have  2^  =  S^ 

N    -  N 
Aj  =  y^  ^  j^  2j,  approximately (}^^) 

Substituting  this  approximate  value  for  A^  in  equation  ( VIII), 
we  get  Sg.  Having  now  calculated  2^,  we  can  easily  find  D^ 
and  d^     Thus : — 

Dg  _  Ng  D.)  Ng 

N  N 

In  the  very  same  way,  the  diameters  of  all  the  other  pairs  of 
pulleys  in  the  stepped  cone  can  be  found. 

Hence,  the  following  practical  rule  for  designing  a  set  of 
stepped  speed-cones,  worked  by  an  open  belt : — 

Let  N  =  Constant  speed   of  driving  or    main 
shaft,  A  B. 
Np  Nj)  N3,  d^.,  ~  Required  speeds  of  driven  shaft,  O  D. 

(a)  Fix  on  convenient  diameters  D^,  d^  to  give  the  required 
velocity-ratio  with  any  one  pair  of  pulleys.  This  will  give  2| 
and  A^. 

(6)  Next  calculate  A^,  A3,  <Src.,  for  the  other  pulleys  im  t&e 
asBumpUon  thai  the  belt  t8  crossed;  or  by  formula  (IX a). 

(c)  Insert  these  values  successively  in  equation  (YIII),  fronii. 
which  ^2,  23,  &c,f  can  be  found. 

(d)  The  diameters  can  then  be  found  from  equations  (X). 

Example  Y. — The  centres  of  two  pulleys,  4  and  2  feet  in* 
diameter  respectively,  are  8  feet  apart.  The  pulleys  are  coife- 
nected  by  an  open  belt ;  find  its  length. 

Answer. — Here  2  =  6  feet ;  A  =  2  feet ;  a  =  8  feet 
From  equation  (Via)  we  get : — 

L  =  ?2  +  2a{n.^} 


2 
31416 


i^  +  rrei} 


x6  +  2  x8-{l-H  5 oi  h  feet 


»'  2 

„  «  9*4248  +  161 25  »  25*55  feet 

BxAMPLB  YI. — If  the  speed  cones  in  Example  lY.  are  oon- 
nected  by  meftns  of  an  open  belt  instead  of  a  croased  one,  and 

23 
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the  distance  between  the  centres  of  the  two  shafts  is  8  feet, 
determine  the  diameters  of  the  yarious  steps. 

Answer. — Using  the  same  notation  as  in  Example  lY.,  we  get, 
as  before,  D^  ==  16  inches;  (/^  »  6  inches;  a  =  8  x  12  =«  96 
inches ;  2^  =  22  inches ;  and  A^  =  10  inches. 

(1)  To  find  B^  andd^. 

First,  calculate  D2  and  d^  on  the  assumption  that  the  belt  iB 
crossed. 

From  Example  IV.  we  get : — 

D2  =  13*75  inches,  and  d^  =  8*25  inches. 
Hence,  as  a  first  approximation,  we  may  write  : — 

2)2  =  22  inches,  and  ^  =  5*5  inches. 
!Next,  recalculate  Sj  from  equation  (VIII)  in  the  text,  viz.: — 

^  A?  -  Aj  10-  -  5*52 

2«  =  2,  +     '       ^  =  22  +         ,^,^  =  22-1156  inches. 

^^*  2x;;^x96 

Substituting  this  new  value  of  Sj  in  equation  (X),'we  get : — 

,  h  =  N,-^2.  =  30^80  ^  ''■''''  =  13-822  inches. 

1/2  =  221 155  -  13*822  =  8*293  inches. 

These  are  the  diameters  of  the  second  step  as  obtained  for 
one  correction.  If  a  closer  approximation  be  required,  then  we 
must  again  recalculate  ^2  fi^^^  ^^^  results  just  obtained. 
Thus  :— 

^2  =  13*822  -  8-293  =  5*529  inches. 

^      ^        Af-A'       o«      102-5*529«      ooii.Q-     u 
.••  22=21  +  -— =  22  + ^^ 22*1148  inches. 

2^«  2x^x96 

Substituting  this  new  value  for  22  iii  equation  (X),  we  get: — 

Do  = ^ —   X  221 148  =  13*8217  inches. 

^      300  +  180  ioo^xf  uii^uw, 

.-.  £/.,  =  22*1148  -  13*8217  =  8*293Iinches. 

^hich  are  the  values  of  Dg  and  d^  corrected  twice. 

It  will  be  at  once  seen  that  these  last  values  differ  very 
slightly  from  those  obtained  by  one  correction.  Hence,  it  will 
be  sufficiently  accurate  to  make  one  correction  only.  ••    . 
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"  (2)  To  find  D3  and  d^ 

As  before,  calculate  D3  and  d^  on  the  assumption  that  the 
belt  is  crossed.     From  Example  tV.,  we  get : — 

D3  =  10-35  inches,  and  d^  =  11*65  inches. 
2s=  22  inches,  and  Ag  =  1*3  inches. 

Next  recalculate  Sg  from  equation  (VIII). 

.-.    Sj  =  2,  +     '      ^  =  22  +      \,„  =22163  inches. 

^^"  2xf^2x96 

Substituting  this  value  in  equation  (X),  we  get : — 

»^  =  N7^  -3  =  160^1-80  '^  22-163  =  10-43  Inches. 
.-.{/.  =  22163- 10-43  =  11733  inches. 

(3)  In  a  similar  way,  we  get : — 

D^  r=    7*359  inches. 
And,  c?4  =  14*718  inches. 

Uence,  for  an  open  belt  we  get  the  following  sizes  for  the 
steps  of  the  cones : — 

Driven  Cone. 
(f 2  =     6        inches. 


Driving  Cone. 

I>i 

«=  16         inches. 

D 

=  13*822      „ 

D 

=  10*43 

1>« 

=     7*359      „ 

^2  =     8-293 

n 

^3  =  11*733 

f> 

d^  =  14*718 

» 

Frictional  Resistance  between  a  Belt  or  Rope  and  its  Pulley. — 
In  Lecture  YII.,  we  deduced  a  formula  for  the  ratio  of  the 
tensions  of  the  two  parts  of  a  belt  or  rope  when  stretched  round 
a  pulley  or  post,  viz. : — 

log,   rji-  =  A^  A 

Where  T^  =  Tension  on  driving  or  tight  side  of  belt  or  rope. 

„      T«  =  Tension  on  driven  or  slack  side  of  belt  or  rope. 

„        /x  =>  Coefficient  of  friction  between  the  belt  or  rope 
and  the  pulley. 

„         6  ^  Circular  measure  of  ancle  subtended  at  the  centre 
of  the  pulley  by  the  belt  or  rope. 
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The  following  values  of  /x  have  been  obtained  by  experiment : — 

FcT  lecUher  belts  on  iron  pvUeys,     i*>  =»  0*3  to  0*4. 

For  fiemp  or  cotton  ropes  on  iron  f  /t*  =  0*35  {pulleys  dry), 
ptUleye,  (  fA  ^  0'15  {pulleys  greased). 

For  wire  ropes  on  iron  pulley Sy     ii*  —  0*15. 

For  wire  ropes  on  'iron  pulleys,  \ 

the  grooves  being  lined  with  >  fi>  =  0*25. 
leather  or  gtUtapercha,  j 

Slipping  of  a  belt  ffenerallj  occurs  at  the  smaller  pulley,  the 
angle  of  contact,  0,  being  smaller  on  this  pulley  than  on  the 
larger  one.  Hence,  in  calculations  relating  to  the  slipping  of  a 
belt  it  is  usual  to  consider  the  small  pulley  only.  The  average 
length  of  arc  embraced  by  the  belt  on  the  small  pulley  may  be 
taken  at  -^  of  the  whole  circumference — 1.0.,  ^  =  '4  x  2  t  =  2-5133 
radians.  If,  then,  we  take  fA  =  0*3,  we  can  easily  find  the  ratio 
between  Ta  and  T«  in  the  case  of  a  leather  belt. 

Thus,  log,  ^  =  0*3  X  2-5133. 

Or,  changing  this  into  common  logarithms,  by  multiplying 
by  0-4343,  we  get  :— 

Log  ^  =  0-3  X  2-5133  x  0*4343  =  -327457 

»i     i>   =  log  2-125,  nearly. 
T<{  =  2  T«  approximately. 

If  the  angle  of  contact  between  the  belt  and  the  pulley  be 
expressed  in  degrees,  then  the  equation  requires  to  be  modified. 

Let  if  =  angle  of  contact  expressed  in  degrees.  Then,  we 
know  that : — 

j^  ^    Circular  measure  of  two  right  angles  ^ 

tf'  ""  Number  of  degrees  in  two  right  angles  ""180* 

^  =  ^J^  X  (T  =  0-0175  (T. 


•  • 


Substituting  this  value  for  6,  we  get : — 

log.^  =  0-0175  A^tf* (XI) 

Or,  changing  into  common  logarithms,  by  multiplying  by 
0-4343,  we  get  :— 

T 
log  -^  =  0-4343  X  0-0175  ^  r  =  0-0076  fi^.     .     (  Xl. ) 
Tt 
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Grbatiest  Value  of  the  Ratio  of  Tensions  ox  Tight  and  Slack 

Sides  of  Belting.* 


Angle  embraced  by  Belt. 

Batio  of  Tensions  =  ^  ' 

In  Degrees. 

In  Clrcnlar 
Measure. 

In  Fraction 
of  Circum- 
ference. 

^=0-2. 

/»=0-& 

/I* =0-4. 

/.•=s0'6. 

••. 

§. 

rj9Kr=9/iw. 

30 

•524 

*083 

1110 

1170 

1-233 

1-299 

45 

•786 

•125 

1170 

1-266 

1-369 

1-481 

60 

1-047 

•167 

1-233 

1-369 

1-621 

1-689 

75 

1-300 

-208 

1-299 

1-481 

1-689 

1-924 

90 

1-571 

-250 

1369 

1-602 

1-874 

2-193 

105 

1-833 

-319 

1-443 

1-733 

2-082 

2-500 

120 

2-094 

•334 

1-521 

1-875 

2-312 

2-851 

135 

2-356 

•375 

1-602 

2027 

2-565 

3-247 

160 

2-618 

•417 

1-689 

2-194 

2-849 

3-702 

165 

2-880 

-458 

1-778 

2-372 

3-163 

4-219 

180 

3142 

•500 

1-875 

2-566 

3-614 

4-808 

105 

3-403 

•641 

1-975 

2-776 

3-901 

5-483 

210 

3*665 

-583 

2-082 

3-008 

4-333 

6-252 

240 

4-188 

•666 

2-311 

3-514 

5-340 

8-119 

270 

4-712 

-760 

2-566 

4-112 

6-589 

i    10-550 

300 

5-236 

•833 

2-849 

4-808 

8-117 

13-700 

Frictional  Resistance  between  a  Rope  and  a  Grooved  Pulley.— 
In  rope  transmission  the  pulleys  over  which  the  rope  passes  are 
provided  with  grooves,  and  we  saw  in  our  last  Lecture  that  for 
hemp  or  cotton  ropes  the  grooves  are  so  constructed  that  the 
ropes  get  wedged  into  them  and  bear  on  their  sides.  This,  as 
we  have  seen,  is  the  method  adopted  in  order  to  increase  the 
resistance  to  slipping.  In  Lecture  VII.  we  found  that  the  ratio 
between  Ta  and  T«  in  this  case  is  given  by  the  equation : — 

^8^  ^r  =  A*  cosec  2  0. 

Where  fL  =  Coefficient  of  friction  between  rope  and  sides  of 

groove. 
„      a  =  Angle  which  sides  of  groove  make  with  each  other. 
„       0  =  Angle  embraced  by  rope  on  pulley. 

Comparing  this  equation  with  that  for  flat  pulleys  we  see  that 

the  logarithm  of  the  ratio  of  the  tensions  is  increased  in  this  case 

a 
in  the  proportion :— cosec  o  •  ^* 

*  From  Unwin's  Machine  Dengn,  part  I.,  p.  377. 
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Generally  the  groove  angle,  a,  is  about  45**,  and  then  we  get 


Hence, 


oosec  22^'  =  2^6. 


Or,  converting  into  common  logarithms,  we  get : — 


Log  ,7;^  =  0-4343  X  2*6  At  ^  =  113  At  &, 


We  liave  already  stated  that  a^  =  0^15  to  0^35  for  hemp  or 
cotton  ropes,  the  smaller  value  being  taken  when  the  pulleys 
are  greased.  Substituting  these  values  in  the  last  equation,  we 
get:— 

T 
Log  m-  =  0'17  6  (pulleys  greased). 

Also,  Log  i^  =  0-39  ^  (pulleys  diy). 

a 


If  for  fJk  cosec  ^  we  write  ,a^  the  equation  becomes  : — 

T 

*-9 


(XII) 


Where  Ah  ^^^  ^  looked  upon  as  the  coefficient  of  friction  for 
grooved  pulleys. 

Converting  into  common  logarithms,  by  multiplying  by  0*4343, 
and  substituting  6""  for  ^,  equation  (XII)  becomes : — 

Log -'*  =  0-4343  X  00175 Ah  ^  =  0-0076  a^^^  .    .    .  (XII^) 
Values  of  /m^  Corresfgndino  to  Dipfbrknt  Valuks  of  fi  and  a. 


Angle  of 

Qxoore  in 

Degrees 

0. 

Values  of  fAi  when 

A*  =  0-16. 

/«s=0*20. 

A*  =0-26. 

M=0-80. 

/t*  =  0-S5. 

90 
35 
40 
45 

•68 
•50 
•44 
•39 

•77 
•66 
•58 
•52 

•97 
•83 
•73 
•65 

116 
100 

•88 
•78 

1-35 

116 

1-02 

•91 
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Gbxat£ST  Value  of  the  Ratio  of  Tbksions  on  Tight  and  Slack 
Sides  of  a  Rope  Workimo  in  Gbooved  Pulleys. 


Angle  Embraced  by  Hope. 

Batio  of  Tensions  =  -=   • 

In  Frac- 

In 

tion  of 

In  De- 

Circular 

Circum- 

grees. 

Measure. 

ference. 

^  =  0-4. 

A*i  =  0-6. 

A*i«0-6. 

Ml  =  0-7. 

M,  =  0-8. 

fH^O-9. 

r. 

9, 

^         8 
860"  ""g*- 

eo 

1-047 

•167 

1-52 

1-69 

1-87 

2-08 

2-31 

2-57 

90 

1-571 

•250 

1-87 

2-19 

2-67 

3-00 

3-51 

4-11 

120 

2-094 

334 

2*31 

2-85 

3-51 

4-33 

5-34 

6-59 

150 

2-618 

•417 

2-85 

3-70 

4-81 

6-25 

812 

10-55 

180 

3  142 

-500 

3-51 

4-81 

6-59 

9-02 

1235 

16-90 

210 

3-665 

-583 

4  33 

6-25 

9-02 

13^1 

18-77 

27-08 

240      4188 

•666 

5-34 

8-12 

12-35 

18-77 

28-53 

43-38 

«  Slip  "  or  "  Creep  "  of  Belts  due  to  Elasticity.— Although  there 
may  be  no  actual  slipping  as  a  whole  between  a  belt  and  its 
pulleys,  yet  the  unequal  stretching  of  the  two  parts  of  the  belt, 
due  to  tiie  unequal  tensions,  T^  and  T«,  causes  a  difference  in 
angular  velocity-ratio,  which  becomes  very  serious  when  this 
requires  to  be  kept  uniform 

It  will  be  seen  in  a  subsequent  Lecture  that  any  elastic 
material  subjected  to  tension  becomes  elongated,  and  that  the 
elongation  depends  directly  on  the  stretching  force.  Hence,  the 
belt  wiU  be  stretched  to  a  greater  extent  on  the  driving  side  than 
on  the  slack  side. 

Let  I  =3  Length  of  belt  which  would  leave  either  pulley  in 

unit  time,  if  the  belt  were  unstretchable  or  inelastic. 

„   I4  =  Length  of  belt  running  on  to  driving  pulley  in  unit 

time. 

Ig  s  Length  of  belt  running  on  to  driven  pulley  in  unit 

time, 
e  =  Elongation  produced  by  a  tension  of  1  lb.  on  a  length 
of  1  foot  of  belting. 

Then,  Id  ■=  I -¥  eTdl -=  {I  +  eTa)  I. 

Similarly,  /,=(!+«  T,)  I, 

Since  we  have  supposed  that  there  is  no  actual  slipping 
between  the  belt  and  pulley  as  a  whole,  it  is  clear  that  tha 
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length  of  belting  coming  on  to  a  pulley  in  unit  time  will  be 
equal  to  the  length  of  the  arc  described  by  a  point  on  the 
circumference  of  the  pulley  in  the  same  time.  In  other  wordRy 
the  length  of  belting  coming  on  to  the  pulley  in  unit  time,  is 
equal  to  the  circumferential  speed  of  pulley.  Hence,  for  the 
dnving  pulley,  tD'N  =  1^;  and  for  the  driven  pulley,  vdn  =  lg^ 

I 

dn       l^_   (1  +  g  T^)  / 
DN  "4"  (1  -heT^r 

5  -  (Itt^)  I- <^™) 

If  we  knew  the  value  of  e  in  all  cases,  and  then  calculated 
T^  and  T^  by  the  previous  formulsB,  we  might  obtain  the  actual 

▼elodty-ratio  for  such  cases.  From  experiments  by  M.  Kretz, 
it  appears  that : — 

^  ^  ^  J*  =  0-976 /or  new,  and  =  0'97S  for  old,  leather  belu. 
1  +  e  Td 

Taking  these  results,  we  get : — 

n  D 

1=  =  0*975  X  rr/or  new  leather  bdte. 

And,         9  =  0*978  x  -^/or  old  leather  belts. 

It  therefore  appears  that  the  velocity  of  the  driven  pulley  is 
about  2  per  cent,  less  than  it  would  be  if  the  belt  were  inelastic. 
This  loss  of  velocity  is  termed  the  "  slip,"  or  "  creep,"  due  to 
elasticity.  Consequently,  when  motion  has  to  be  transmitted 
through  several  belts,  this  loss  becomes  serious,  and  renders  belt 
gearing  unsuitable  for  exact  velocity-ratios. 

Horse  Power  transmitted  by  Belt  and  Rope  Gearing.— When 
one  pulley,  A,  drives  another  pulley,  B,  by  means  of  a  belt  or 
rope,  there  is  necessarily  a  difference  in  tension  in  the  two  parts 
of  the  belt  or  rope.  First  of  all,  there  is  a  resistance  to  motion 
offered  by  the  follower,  B.  Hence,  when  the  driver,  A,  is  made 
to  r(»tate,  the  friction  between  the  belt  or  rope  and  the  pulleys 
prevents  slipping,  with  the  result  that  the  tension  in  that  part 
of  the  belt  or  rope  going  on  to  the  driver  increaeeSf  while  the 
teiision  in  the  other  part  decreases.  This  increase  of  tension 
in  the  driving  side,  and  the  decrease  in  the  slack  side,  will  go 
on  until  the  resultant  moment  of  the  tensions  in  the  two  parts 
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of  the  belt  or  rope  acting  on  the  follower  overcomes  the  resisting 
couple  acting  on  that  pulley.      When  this  talces  phtce : — 

Let     T^  =  Tension  in  driving  side  of  belt  or  rope. 
Tg  ^  Tension  in  slack  side  of  belt  or  rope. 
M  ==  Moment  of  couple  resisting  rotation  of  follower. 
V  =  Velocity  of  belt  or  rope  in  feet  per  minute. 
D  «  Diameter  of  driver  in  feet. 
d  =  Diameter  of  follower  in  feet. 
N  s  Speed  of  driver  in  revolutions  per  minute. 
n  =  Speed  of  follower  in  revolutions  per  minute. 
H.P.  =  Horse-power  transmitted. 


>} 


ji 


n 


99 


99 


99 


9? 


PowBR  TRANsurrrsD  bt  a  Belt  or  Ropk. 


Then, 


M^Cr.-T,)^. 


.*.     Work  transmiUed ) 
per  minute       j 

H.P. 
But,  V 

H.P. 


=  M  X  2flrM  =  (Td  -  T,  )  X  ':rdn. 


(T,  -  T,)^rf/| 

33,000 
^D  N  =  vdn, 
(T^-T,)Y_PY 
33,000  33,000; 


•   (XIV) 


Where  P  =  T^  -  T^,  and  is  called  the  driving  force  or  tension* 

33,000  H.P. 


•  • 


p  = 
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Let  T  =  Initial  or  average  tension ;  or  tension  in  b<^  parts 
of  belt  when  at  rest. 

The  average  tension  during  motion  must  be  the  same  as  the 
tension  before  motion  oommenoed,  since  the  lengthening  of  the 
belt  on  the  driving  side  must  be  equal  to  the  shortening  of  the 
belt  on  the  slack  side. 

^  "         2 

This  must  be  the  tension  with  which  the  belt  should  be 
initially  stretched  over  the  pulleys. 

If,  for  these  reasons,  we  suppose  T^  =  2  Tf,  we  get  the 
following  practical  rules  for  belt  gearing  : — 


Driving  Tension  =  P  = 


33,000  H.P. 


Greatest  Tension  =  T^  =  2  P. 
Initial  Tension    =  T  =  IJ  P. 

Breadth  of  Belt    =  0  =^  =  ^. 

Where,  /  is  the  safe  working  tension  per  inch  of  width  or 
breadth  jS. 

The  following  table  gives  the  safe  working  tension,  /^  in  lbs. 
per  inch  of  width  for  leather  belts,  when  the  safe  stress  in  lbs. 
per  square  inch  cross  sectional  area  is  known  : — 

AVoRKiNo  Tension  of  Leather  Belts. 


ThickDess  of  Belt 
in  Inchvs. 

Safe  working  teniion,  /,  in  lbs.  per  inch  of  width  when  the  safe 
stress  in  lbs.  per  square  inch  of  cross  sectional  area  is:— 

250 

300 

350 

i 

A 

47 
55 
62 

78 

66 
66 

76 
94 

66 

77 

87 

109 

In  the  case  of  hemp  or  cotton  rope  gearing,  the  tension  Td  may 
be  taken  at  140  lbs.  per  square  inch  of  yross  sectional  area^  or 
about  y\y  of  the  working  strength  of  the  rope. 
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The  following  table  gives  the  working  strength  and  driving 
force  for  hemp  or  cotton  ropes : — 

Working  Strength,  &c.,  fob  Driving  Ropes. 


DtemHcrotBop. 
inlnchM. 

=  a 

Olrth  of  Rape 
in  inches. 

Working  strength 
in  lbs. 

DrlTing  Force 
in  lbs. 

=  P 

1 

2A 

4| 
6* 
6i 

842 
1,548 
1»940 
2,602 
3,633 

76 
140 
176 
236 
330 

Taking  the  greatest  stress  in  a  hemp  or  cotton  rope  at  140 
lbs.  per  square  inch  gross  sectional  urea,  and  assuming  that 
Td  =  4  T,,  so  that  the  driving  tension  P  =  T^  -  T,  is  105  lbs. 
per  square  inch  gross  sectional  area,  wo  get  the  following  table 
showing  the  horse-power  transmitted  by  a  single  rope  for  given 
speeds : — * 

HoRSE-PowKR  Transmitted  bt  a  Single  Kopb  at  High  Sperds. 


muneter  Olrth  of 
of  Bope       Rope 

In  Inches.  In  Inches. 

1 

Horse-power  Transmitted  by  one  Rope  when  the  Speed  In 
Feet  per  Minute  is  :— 

) 

y 

8,000 

3,500 

4,000 

4,500 

5,000 

1 

5,600      6,000 

1 

2 

314 
3-53 
3-93 
4-32 
4-71 
6-10 
5*50 
5-89 
6-28 

7-50 
9-48 
11-72 
14-18 
16-87 
19*80 
22-97 
26-37 
30-00 

8-75 
1107 
13-67 
16-54 
19-69 
2311 
26-80 
30-76 
35-00 

1000 
12-66 
15-62 
18-91 
22-50 
26-41 
30-62 
35-16 
40-00 

11-25 
14-24 
17-58 
21-27 
25-31 
29-71 
34-45 
39  55 
46*00 

12-50 
15-82 
19  53 
23-63 
2S12 
33-01 
38-28 
43-95 
50-00 

13-75 
17-40 
21-48 
26-00 
30-94 
36-31 
4211 
48-34 
55-00 

15-00 
18-98 
23  44 
28-36 
33-75 
39-61 
45-94 
52-73 
60-00 

The  following  table  of  particulars  regard  in*;  |)ower  trans- 
mitted, &C.,  by  wire  ropes,  as  calculated  i>y  Roebling,  is  given 
in  Unwin's  Machhie  Design^  Fart  I.,  p.  434.  The  ropes  have 
each  42  wires. 

*  From  liow  k  Bevis's  Machine  Drawing  €md  Design^  p.  161. 
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Power  Xbansmittkd  bt  Wirx  Kopbs. 


Diameter  of 
Rope  in 
Inches. 

Diameter  of 

Pulley 

in  Feet. 

Number  of 

BevolutioQS 

of  Pulley  per 

Minute. 

Yelocitj 

of  Belt  (n 

Feet  per 

Second. 

Breaking 
Strength  of 
Rope  in  Iba. 

Horse-power 
Transmitted. 

5 
6 

7 

100 
100 
100 

26 
31 
36 

4,260 
5,660 
8,200 

8-6 
13*4 
21*1 

Example  VII. — The  belt  puUej  of  an  engine  is  6  feet  in 
diameter,  and  the  engine  makes  80  revolutions  per  minute. 
What  width  of  belt  would  be  required  to  transmit  30  H.P. 
from  the  pulley,  supposing  the  belt  to  be  4  of  an  inch  in  thick- 
ness, and  the  tension  on  the  slack  side  to  be  ^j^  of  that  on  the 
tight  side  of  the  belt  1  The  stress  in  the  belt  is  not  to  exceed 
300  lbs.  per  square  inch  of  section.     (S.  &  A.  Adv.  Exam.,  1892.) 

Answer.— Here  D  =  6ft.;  N  =  80 ;  H.P.  =  30. 
Thickness  of  belt  =  d  =  f  inch. 
Greatest  stress  allowed  =  /  =  300  lbs.  per  sq.  inch. 

Let  fi  ==  required  width  of  belt  in  inches. 

Then,     Total  stress  on     1_m    __-«»/• 
driving  side  of  belt  f  -  ^d  -  fi^J, 

„  „  =  /8  X  I  X  300  =  112-5  /8  lbs. 

Again,  T,  =  j\^Td  «  45  /8  lbs. 

Driving  force  =  P  =  Td  -  T,  =  C7-5  fi  lbs. 

P  X  crDN 


•  • 


H.P.  = 


Or, 


30  = 


/8  = 


33,000     • 

22 
67-5  a  X  Y  ><   6  X  80 

gpoo  ' 

33,000  X  30  X  7 
67-5  X  22  X  6  X  80 


==  9-72  ina. 


Example  VIII. — Two  pulleys  on  parallel  shafts  10  feet  apart^ 
and  having  diameters  of  6  feet  and  1  foot  respectively,  are 
connected  by  an  open  belt  8  inches  broad.  The  larger  pulley 
makes  120  revolutions  per  minute.  Find  the  greatest  power 
which  can  be  transmitted,  when  the  maximum  stress  in  the  belt 
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has  not  to  exceed  80  lbs.  per  inch  of  width,  and  taking  the 
coefficient  of  friction  between  belt  and  pulleys  at  0*4. 

Answer. — The  first  thing  to  be  determined  here  is  the  ratio  of 
the  tensions  in  the  two  parts  of  the  belt.  This  is  obtained  from 
the  equation : — 

Log  ^  = -4343  At  ^. 

Where,  0  is  the  circular  measure  of  the  angle  subtended  at  the 
centre  of  the  smaUer  pvUey  by  the  part  of  the  belt  in  contact 
with  that  pulley. 

To  obtain  this  angle  we  must  first  find  the  angle,  <^,  used  in 
equations  (VI)  and  (VII)  in  this  Lecture,  for  finding  the  length 
of  an  open  belt.  Referring  to  these  equations  and  the  figure 
at  that  part  of  the  text,  we  clearly  see  that : — 

tf  =  180"  -  2  <^'  =  (flr  -  2  <^)  radians. 

From  equation  (VII), 

</»  =  sin  ^  (approx.)  =  -^^  =  -^TlQ  ^  '^^' 
B  =  31416  -  2  X  -25  =  2-64  radians,  approx. 

Hence,  Log  ^  =  -4343  x  -4  x  2-64  =  -458621. 

Referring  to  a  table  of  common  logarithms,  we  find  that : — 

458621  =  Log  2-87, 
Trf 


•  • 


T.  =  ^'®^- 


Since,  from  the  question,  the  greatest  stress  in  the  belt  must 
not  exceed  80  lbs.  per  inch  of  width,  and  the  width  is  8  inches, 
we  get : — 

Td  -  8  X  80     =  640  lbs. 

640 
•*•         Aj  =  O'ftT  ^  **o  lbs. 

P  =  Td  -  T,  =  417  lbs. 

And,    V  «  fl-DN       =  ^  x  6  x  120  ft.  per  minute. 

py        417  X  ^  X  6  X  120 

"•  '  Ipoo  " spoo as-eniwiy. 
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if 


This  is  the  greatest  power  which  can  be  transmitted.  If  the 
power  to  be  transmitted  be  greater  than  this,  then  slipping  will 
take  place  between  the  belt  and  the  smaller  pulley. 

Influence  of  Centriftigal  Tension  on  the  Strength  of  High-Speed 
Belts  and  Ropes. — When  belts  or  ropes  are  run  at  high  speeds 
the  tensions  in  the  two  parts  of  the  belt  or  ix))^  between  the 
pulleys  are  greater  than  that  calculated  from  the  horse -power 
transmitted.  This  increase  of  tension  is  due  to  the  centrifugal 
force  set  up  in  those  parts  of  the  belt  which  are  in  contact  with 
the  pulleys.  In  addition  to  this  increase  in  tension  the  centri- 
fugal action  has  also  the  effect  of  diminishing  the  normal  pressure 
between  the  belt  and  the  pulleys,  and,  therefore,  of  diminishing  . 
the  resistance  to  slipping. 

Let        w  =  Weight  of  belt  or  rope,  in  lbs.  per  linear /oot. 

V  =  Velocity  of  belt  or  rope,  in  feet  per  second, 

r  =  Eadius  of  the  pulley  in/eet. 

„  Td.  T,  =  Tensions  in  driving  and  slack  sides  of  belt  or  rope 

as  calculated /rom  power  transmitted, 

„   Td,  T,  =  Tensions  in  driving  and  slack  sides  of  belt  or  rope 

corrected  Jbr  centrifugal  action. 

For  simplicity,  suppose  the  belt  embraces  half  the  circumfer- 
ence of  the  pulley  considered. 

Then,         CerUrifugal  force  ofhdtper  linear  foot  =  lbs. 

gr 

In  the  figure,  let  ah 
represent  a  part  of  the 
'  belt  1  foot  in  length.  Let 
mn  he  the  projection  of 
a  6  on  the  diameter  A  B. 
It  will  be  shown  in  a  sub- 
sequent Lecture,  that  the 
horizontal  component  of 
the  centrifugal  force  on  the 
part,  a  by  of  the  belt  is : — 


Belt  Embbaciko  Half  Ciroumference 
OF  Pulley. 


wv^ 


gr 


X  mn. 


Hence,  for  the  whole  arc  of  contact,  A  C  B,  we  get : — 


Total  horizontal  component  )    _  lo  t?^ 
of  centrifugal  force  J    ~  gr 


AB  = 


2wv^ 


lbs. 


r 
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One-half  of  this  centrifugal  tension  is  felt  at  A,  and  the  other 
half  at  B.  Therefore,  the  actual  tensions  in  the  two  parts  of  the 
belt  are :— 

Ti  =  T,  +  — 

From  these  equations  it  will  be  seen : — 

(1)  That  the  diameters  of  the  pulleys  have  nothing  to  do  with 
the  results,  and 

(2)  That  the  driving  force  or  tension,  P  =  Ti  -  T]  =  Td  -  T, 
and  is,  therefore,  the  same  as  before. 

If  the  speed  be  great,  the  above  value  for  T^  must  be  taken 
when  calculating  the  size  of  a  belt  or  rope  to  transmit  a  given 
power. 

The  values  of  w  may  be  calculated  from  the  following  ap- 
proximate formula : — 

Let  fi  =  Breadth  of  leather  belt  in  incites, 
„     d  s  Diameter  of  rope,  or  thickness  of  belt  in  incJies. 
„     7  =  Girth  of  rope  in  inches. 

Then,  w  =  0*43  |8  h  lbs.,  nearly,  for  leather  belts, 

w  =  0-281  a*       „        I  ,      x 

w  =  00285 72     ][        \     »  ^n/  ^'^P  or  <^ot^on  ropes, 

w  =  0-3376  32     „         )      „  v>et  or  tarred  Jiemp  or  cotton 
10  =  00342  72     ^,        f  ropes, 

w  =  1-341  32        „  „  wire  ropes. 

Example  IX. — Determine  the  horse-power  which  may  be  trans- 
mitted by  a  leather  belt,  5  inches  wide  and  i  inch  thick,  running 
at  a  speed  of  50  feet  per  second,  the  tension  in  the  loose  side 
being  -^j^  of  that  on  the  tight  side  of  the  belt,  and  the  stress 
allowed  being  275  lbs.  per  square  inch  (S.  &  A.  Hons.  Mach. 
Const  Exam.,  1886).  Again,  taking  the  weight  of  a  cubic  foot 
of  the  leather  at  60  lbs.,  determine  the  effects  due  to  centrifugal 
action. 

Answer.— Here,  V  =  3,000  ft.  per  minute;  /8  =  5  inches; 
i  =  J  inch ;  /  =  275  lbs,  per  square  inch ;  T,  =  yV  T^. 
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(1)  Neglecting  cerUri/ugcU  action. 

P  =  Td  -  T,  =  *6Td. 

But,       Td  =  3  a/  =  5  X  J  X  275  =  343*75  lbs. 

Hence,     P  =  -6  x  343*75  =  206-25  lbs. 

PV        206-25  X  3,000 
H.F.  -    2^^^^  ~  23^^^         -  18-7D. 

(2)  leaking  centrifugal  action  iiUo  account 

Let  W  =  Weight  of  a  cubic  foot  of  leather  in  lbs. 
„      w  —  Weight  of  a  linear        „  „ 

„     A  =  Cross  sectional  area  of  belt  in  square  inches. 

Then,  clearly,  w  :  W  =  A  :  144. 

WA 


w  = 


-  -    144' 

Substituting  the  values  given  in  the  question,  we  get : — 

60  X  5  X  J        ^^,  „ 
w  = Yii —    =  '^21  lbs. 

Substituting  this  in  equation  (XY),  in  the  text,  and  observing 
that  i;  =  60  ft.  per  second,  we  get : — 

Increaee  of  tension  due  )    ^  ^^  ^  -521  x  50  x  50  ^^^^  ^^ 
to  centrifugal  force      )    ^    g  32 

But  the  maximum  tension  allowed  in  the  belt  is  343*75  lbs., 
hence : — 

Maximum  effective  tension  =  343*75  -  40*7  =  303  lbs.  nearly. 

P  =  -6  x  303  =  181*8  lbs. 

HP   -      ^^     -  181*8  X  3,000  ^ 
°"'^'  "    33,000'  ""        33,000        ""  ^  ^^ 

This  example  shows  that  the  power  is  reduced  by  about  12  [>er 
cent,  when  centrifugal  action  is  taken  into  account. 
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Lbcturk  XVIII. --Questions. 

1.  Find  an  expression  for  the  length  of  a  crossed  belt,  and  show  that  tiM 
same  driving  belt  will  serve  for  any  pair  of  pulleys,  so  long  as  the  belt  k 
crossed  and  the  distance  apart  of  their  centres  and  the  sum  of  tbeir 
diameters  remains  constant. 

2.  The  centres  of  two  pulleys,  4  and  2|  feet  in  diameter  respectively, 
are  12  feet  apart.    Find  length  of  crossed  belt  required.    Am,  35*1  feet. 

3.  A  crossed  belt  is  employed  to  connect  two  equal  coned  drums,  having 
their  axes  parallel,  and  their  vertices  lying  in  opposite  directions.  Prove 
that  the. belt  will  be  equally  tight  in  all  positions  when  shifted  along  tb* 
cones.    Would  the  same  be  true  if  the  belt  were  not  crossed  ? 

4.  By  aid  of  a  graphical  construction  determine  the  length  of  a  crosBed 
belt  required  to  embrace  either  of  two  pairs  of  pulleys  which  are  mounted 
on  parallel  shafts  3  feet  6  inches  apart.  The  smaller  pulley  on  each  shaft 
is  8  inches  diameter,  and  the  velocity-ratio  at  the  higher  speed  is  required 
to  be  four  times  that  at  the  lower  speed.  (S.  k  A.  Adv.  Mach.  Const. 
Exam.,  1892.)    Am,  10  4  feet 

5.  The  diameters  of  the  pulleys  of  a  stepped  speed-cone  for  a  machine 
are  13^,  ll^,  9^,  and  7^  mches  respectively,  and  the  diameter  of  tbe 
smallest  pulley  of  the  stepped  driver  is  8^  inches.  The  connection  beiag 
made  by  means  of  a  crossea  belt,  what  should  be  the  diameters  of  the  other 
pulleys  of  the  stepped  driver?  If  the  driving  shaft  makes  120  revolutionB 
per  minute,  find  the  revolutions  per  minute  of  the  machine  pulley  for  all 
positions  of  the  belt.  (S.  &  A.  Adv.  Mach.  Const.  Exam.,  1885.)  AmM. 
(1)  10^,  12i,  and  14^  inches ;  (2)  75'5,  1096,  157*9,  and  232. 

6.  A  shmit  having  a  stepped  speed-cone,  with  four  steps,  revolves  at  a 
constant  speed  of  150  revolutions  per  minute,  and  is  connected  by  meaaa 
of  a  crossed  belt  to  another  shaft  having  a  similar  stepped  cone.  TIm 
diameter  of  the  largest  step  of  the  cone  on  the  driving  shaft  is  IS^  incheiL 
The  driven  shaft  is  required  to  run  at  speeds  250,  200,  120,  and  60  revola- 
tions  per  minute.  Determine  the  diameters  of  all  the  remaining  steps  of 
the  two  cones,  and  the  length  of  belt  required,  the  distance  between  the 
two  shafts  being  8  feet.  Arw,  (1)  D^  =  12  inches,  Ds  =  9*333  incho, 
D4  =  6  inches;  di  =  7*875  inches,  </s  =  9  inches,  c/3  =  11*667  incJMii 
d4  =  15  inches  ;  (2)  18*94  feet. 

7.  Find  an  expression  for  the  length  of  an  open  belt.    The  centres  of  twa 

Enllevs,  5  and  2)  feet  in  diameter  respectively,  are  15  feet  apart.     Find 
jngtli  of  open  belt  required.    Ana,  48*26  feet. 

8.  Two  pulleys,  whose  diameters  are  4  feet  8  inches  and  2  feet  3  indifls 
respectively,  their  centres  being  10  feet  apart,  are  connected  by  aa  optti 
belt,  determine,  by  a  graphical  construction,  the  length  of  belt  requirad. 
Ans,  31  feet. 

9.  Explain  how  you  would  design  a  set  of  speed  cones  to  be  workad  l»f 
an  open  oelt,  the  angular  velocity -ratios  being  given  you. 

10.  A  counterahati  revolves  at  a  constant  speed  of  250  revolnftioiM  per 
minute,  and  carries  a  stepped  speed-cone  witn  four  steps,  and  drives  •.. 
similar  cone  on  another  shaft  by  means  of  an  open  belt.  The  driven  shaft 
is  required  to  run  at  speeds  520,  300,  245,  and  180  revolutions  per  niinate 
respectively.  Given  the  diameter  of  the  largeet  step  on  the  driving  oooe 
22  inches,  and  the  distance  between  the  shafts  84  feet ;  find  the  remainiog 
siaes  of  the  steps  on  both  cones.  Am,  Dt  =  ^7*87  inches;  Da=:  16*22  iDchfls; 
D4  =  13*70  inches;  <{i=  10*58  inches;  di=.  14*90  inches;  d^=  16*56  inches; 
<<4  =  19*04  inches. 
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11.  Dednce  a  formula  for  the  grfuitest  ratio  of  tbe  tensions  in  the  two 
parts  of  a  belt  stretched  over  a  pulley  when  slipping  is  just  about  to  take 
place.  Two  pulleys,  whose  diameters  are  5}  and  2  feet  respectively,  are 
15  feet  apart.  Find  the  maximum  ratio  of  tensions  in  tight  and  slack  sides 
of  belt  (1)  when  the  belt  is  crossed,  (2)  when  the  belt  is  open,  given  |u=0-3. 
Ann.  (1)  3:1;  (2)  2  38:  1. 

12.  Deduce  a  formula  for  the  greatest  ratio  of  the  tensions  in  the  two 
parts  of  a  rope  stretched  over  a  grooved  pulley,  the  rope  being  wedged  into 
the  grooves  slipping  being  just  about  to  occur.  Find  the  greatest  ratio  of 
the  tensions  in  tne  two  pul»  of  a  cotton  rope  running  over  grooved  i)ulley8, 
the  arc  of  contact  on  the  smaller  pulley  being  ^  of  the  whole  circumference, 
angle  of  groove  40°,  coefficient  of  friction,  m  -  0'25.     Ans.  6*77  : 1. 

13.  Explain  the  following  paradox  in  connection  with  belt  gearing : — 
For  every  foot  of  belt  length  that  goes  on  to  the  driving  pulley,  less  than 
A  foot  comes  off  and  goes  oo  to  the  driven  pulley.  Would  the  statement 
still  be  true  if  we  substituted  unit  weight  of  belt  instead  of  unit  length  of 
belt  ?    If  not,  why  not  ? 

14.  Explain  how  the  formula  for  obtaining  the  power  transmitted  by  a 
stretched  belt  running  over  pulleys  is  arrived  at.  What  horse*power  may 
be  transmitted  by  a  belt  10  inches  wide,  and  ^  inch  thick,  running  at  a 
speed  of  42  feet  per  second  ;  the  tension  on  the  slack  side  of  the  belt  being 
0'4  of  that  on  the  driving  side  ?  The  stress  allowed  is  300  lbs.  per  square 
inch  of  belt  section.     Ann.  68*72  H.P. 

15.  A  belt  is  required  to  transmit  4  horse-power  from  a  shaft  running  at 
120  revolutions  to  one  at  160  revolutions  per  minute.  Find  the  stresses  in 
the  belt,  the  small  pulley  being  2  feet  in  diameter,  and  the  ratio  of  the 
tensions  on  the  belt  oeing  as  7  is  to  4.  Find  also  the  width  of  belt  that 
would  be  required  in  the  above  case,  if  the  stress  is  taken  at  100  lbs.  per 
inch  of  width.     Atu.  306*25  lbs.  ;  175  lbs. ;  306  inches. 

16.  A  pulley,  3  feet  6  inches  in  diameter,  and  making  150  revolutions  per 
minute,  drives  by  means  of  a  belt  a  machine  which  absorbs  7  horse-power. 
What  must  be  the  width  of  the  belt  so  that  its  greatest  tension  shall  be  70 
lbs.  per  inch  of  width,  it  being  assumed  that  the  tension  in  the  driving  side 
is  twice  that  in  the  slack  side?  Take  «■  =  3|.  (S.  &  A.  Exam.,  1891.) 
Ans.  4  inches. 

17.  In  the  modem  system  of  transmitting  power  through  long  distances 
by  a  slender  wire  rope  moving  at  a  high  velocity,  the  following  example 
occurs :— The  pulley  which  dnves  the  rope  is  15  feet  in  diameter,  making 
100  revolutions  per  minute,  and  the  energy  to  be  transmitted  is  measured 
by  2.50  horse-power.  Find  the  tension  of  the  wire  rope,  which  in  this  case 
is  ]  inch  in  diameter.    Ans.  1 ,750  lbs. ,  or  3,960  lbs.  per  square  inch  nearly. 

18.  A  leather  belt  is  required  to  transmit  2  H.P.  irom  a  shaft  running  at 
80  revolutions  per  minute  to  a  shaft  running  at  160.  Find  the  stresses  in 
the  belt,  assuming  that  the  smaller  pulley  is  12  inches  in  diameter,  and 
that  the  ratio  of  the  tensions  in  the  tight  and  slack  sides  of  the  belt  is 
2^ :  1.  Hence,  find  the  width  of  belt,  taking  the  working  stress  at 
100  lbs.  per  inch  of  width.  (S.  ft  A.  Hons.  Mach.  Const.  Exam.,  1882.) 
Ans.  230*3  lbs.;  105  lbs.;  2*36  inches. 

19.  Suppose  the  friction  of  two  pulleys  is  such  that  the  ratio  of  the 
tensions  m  the  tight  and  slack  sides  of  the  belt  is  1  '75.  Also,  suppose  the 
greatest  safe  worling  tension  to  be  120  lbs.  per  inch  width  of  belt.  Find 
the  width  of  a  belt  to  transmit  10  horse-power,  the  circumferential  speed 
of  the  pulleys  being  20  feet  per  second.  (S.  &  A.  Hons.  Mach.  Const. 
Exam.,  1883.)    Ans,  5*34  inches. 

20.  Assuming  that  the  arc  embraced  by  a  belt  on  the  smaller  of  two 
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pulleys  oTer  which  it  runs  is  ^V  o^  ^^^  circnmferenoe,  and  that  m  Ib 
taken  =  0*3,  prove  the  following  simple  approximate  rule  for  the  breadtk 
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of  a  leather  belt : — fi  =  — ^^ — -  inches ;  where  H.P.  is  the  horse-power 

transmitted,  V  the  velocity  of  belt  in  feet  per  minute,  and  i  the  thiokness 
of  belt  in  inches.     Greatest  working  stress,  300  lbs.  per  square  inch. 

21.  It  is  required  to  transmit  10  H.P.  from  a  pulley  5  feet  in  diameter, 
and  making  200  revolutions  per  minute,  to  one  18  inches  in  diameter,  by  ' 
means  of  an  open  belt,  the  centres  of  the  pulleys  being  12  feet  apart. 
Taking  coefiicient  of  friction  between  belt  and  pulley  at  0*35;  find  (1)  ansle 
of  contact  on  smaller  pulley ;  (2)  the  speed  of  smaller  pulley  ;  and  (3)  the 
width  of  single  belt  ^  inch  thick  whicn  will  be  necessary.  Arm.  (1)  103'*; 
(2)  52*36  feet  per  second;  (3)  3  inches. 

22.  It  is  required  to  transmit  16  H.  P.  from  a  pulley  20  inches  in  diameter 
by  means  of  a  belt  which  embraces  only  |  of  the  circumference  of  ike 
pulley.  Find  the  tensions  in  the  two  parts  of  the  belt  when  sUppinff  is 
lust  prevented,  and  the  width  of  belt  required,  the  thickness  of  the  oelt 
being  f  inch,  speed  of  pulley  120  revolutions  per  minute,  coefficient  of 
friction  m  =  0*35.     Ans,  2174*5  lbs.;  1333*75  lbs.;  10*35  inches. 

23.  What  circumstances  affect  the  action  of  a  belt  when  the  speed  is 
high?    (S.  &  A.  Hens.  Mach.  Const  Exam.,  1882.) 

24.  Find  an  expression  for  the  increase  in  the  tensions  in  the  tight  and 
slack  sides  of  a  belt,  taking  centrifugal  action  into  account.  In  question  14 
make  the  necessary  corrections  for  centrifugal  action,  being  given  that  the 
weight  of  a  cubic  foot  of  leather  weighs  60  lbs.     Aw*.  63*45  H.P. 

25.  In  question  17  make  the  necessary  corrections  for  oeotrifu^l  action, 
given  that  the  weight  of  a  linear  foot  of  wire  rope  }  inch  in  diameter  is 

3  lbs.     Ans.  2,330  lbs. 

26.  Show  that  the  fractional  resistance  between  a  belt  and  a  flat  pulley 

may  be  represented  by  the  formula — 


log^^)=0-4343M^ 


when  T  and  t  represent  the  tensions  respectively  on  the  two  sides  of  the 
belt,  of  which  T  is  greater  than  t ;  fiva  the  coefficient  of  friction  between 
the  belt  and  the  rim  of  the  pulley,  and  6  is  the  circular  measure  of  the 
angle  subtended  at  the  centre  of  the  pulley  by  the  part  of  the  belt  which  is 
in  contact  with  the  pulley.  If  fi  =  0*1,  what  would  be  the  greatest  load 
that  could  be  supported  by  the  rope  or  chain  which  passes  around  the 
drum,  12  inches  in  diameter,  of  a  treble  purchase  crab  or  winch,  which  is 
fitted  with  a  strap  friction  brake  worked  by  a  lever,  to  the  lone  arm  of 
which  a  pressure  of  60  lbs.  is  applied  ?  The  diameter  of  the  brake  pulley 
is  30  inches,  and  the  brake  handle  is  3  feet  in  length  from  its  fulcrum  :  one 
end  of  the  brake  strap  is  immovable,  being  attached  to  the  pin  formins  the 
f  ulomm  of  the  brake  handle,  while  the  other  end  of  the  strap  or  bdt  is 
attached  to  the  shorter  arm,  3  inches  in  length  of  the  brake  lever.  The 
angle  subtended  by  the  strap  at  the  centre  of  the  brake  pulley  measures 

St 

-^.    The  gearing  of  the  crab  is  as  follows  : — On  the  shaft  which  carries 

the  brake  wheel  is  a  pinion  of  15  teeth,  and  this  gears  into  a  wheel  of 
50  teeth  on  the  second  shaft ;  a  pinion  of  20  teeth  on  this  latter  shaft  gears 
into  a  wheel  with  60  teeth  carried  upon  the  drum  or  barrel  shaft.  Sketch 
the  crab  and  show  the  construction  of  the  brake.  Given  '20466  s=  log  1  *602. 
(8.  k  A.  Hons.  Exam.,  1896.) 
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27.  Prove  the  Uw  for  the  tUppioff  of  a  belt,  and  show  how  it  enablee  ns 
to  calcolate  the  sixe  of  a  belt.  A  oelt  laps  150  degreoe  round  a  pulley  of 
8  feet  diameter,  makinc  130  revolutione  per  minute;  the  ooemcient  of 
friction  is  0*85.  What  u  the  maximum  pull  on  the  belt  when  20  horse- 
power is  being  transmitted  and  the  belt  is  just  on  the  point  of  slipping? 
(S.  k  A.  Hons.  Exam.,  1897.) 

28.  Give  the  theory  of  the  slipping  of  a  belt»  and  deduce  the  rule 
employed  in  calculating  the  proper  size  of  a  belt.  What  experiment  have 
yon  niade  or  heard  of  to  illustrate  the  law  of  slipping?  (S.  k  A.  Hono. 
ExanUy  1898.) 


NOTES  ON  LEGTURX  XVUh  AND  QUESTIONS  S7S 


LEOTUBE  XIX 

CoBTSdro. — Hooke's  Coupling  or  UniTcnaJ  Joint— Double  Hooke'B  Joint 

— Agarerate  Motion— Eiam plea  I.  and  IL— Epicyolic  Trains  of  WheoU 
— Epicyolio  Train  tor  Drawing  Ellipao»— Eiample*  III.  and  IV,— 
Sun  and  Planet  Whsela— Sun  and  Planet  Cycle  GBBr—Cara«— Heart 
Wheel  or  Heart-shaped  Cam— Cam  for  Intormittent  Motion— Quick 
Betum  Cam— Cam  with  Qroove  on  Face- Cylindrical  Grooved  Cam — 
Example  V.— Pawl  and  Ratchet  Wheel— La  GarouBBe'a  Double-acting 
Pawl  — Reversible  Pawl— Masked  Ratchet— Silent  Feed— Counting 
Wheels- Geneva  Stop — Connting  Machine— Watt's  Parallel  Motion — 
Parallel  Motion — Queationa. 

In  this  Lecture  we  nhall  examine  a  few  mora  of  the  many  devices 
for  transmitting  circular  motion  aod  for  converting  it  into 
rectilinear  motion,  or  vice  versA,  together  with  other  miscellaneous 
mechaniams. 

Eookfl's  ConpUng  or  Universal  Joint. — This  is  a  contiivance 

sometimes  osed  for  connecting  two  intersecting  shaftB.     Each  of 

,  the   shsfta  ends  in  a  fork,  F^,  Fj, 

'    which  embracea  two  arms  ot   the 

3.      The  four  arms  of 

■e  of  equal  length.     As 

C,    rotates,    Fj    and    F,    <]escribe 

circles  in  planes  perpendicular  to 

their  renpective  axes.     Since  these 

planes  are   inclined  to  each   other 

^  the  angular  velocity  of  C^  at  any 

„      _i    T    instant  is  different  from  that  of  d, 

HooKEs  Joint.  v  .  i.i.  i         ^    •,.• 

but  the  mean  angular  velocities  are 

equal  to  one  another,  because  at  one  instant  C^  goes  faster  than  Cp 
and  at  another  slower.  This  joint  will  not  work  when  the  two 
shafts  are  inclined  at  90°,  or  any  smaller  angle,  to  each  other. 

Doable  Hooke's  Joint^The  variable  velocity  ratio  obtained  with 
a  Hooke's  joint  may  be  obviated  by  the  use  of  two  joints  instead 
of  one.  The  forks  are  connected  by  an  intermediate  link,  Ca, 
which  mtist  be  carried  on  corresponding  arms  of  the  two  crosses, 
as  shown  in  the  next  figure.  Lf  the  intermediate  shaft  be  equally 
inclined  to  the  other  two  iihafts,  the  irregularities  caused  in  the 
motion  by  its  transmission  thi-ough  the  first  coupling  are  exactly 
neutralised  by  the  equal  and  opposite  ones  caused  by  the  second 
joint.     The  first  and  third  shafts,  therefore,  revolve  with  the  same 
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▼elocitj  at  eveiy  instaDt.  The  doable  joint  works  equally  well 
whether  the  two  extreme  axes  are  inclined  as  shown  in  tho 
iigare,  or  are  jMrallel  to  each 
other  but  not  in  line. 

Both  the  single  and  double 
Hooke's  joint  are,  as  a  rule,  used 
only  for  light  work,  such  as  for 
astronomical  instruments.^ 

Aggregate  Motion.— The  motion  T>ox!ble  B<h>kk'b  Joint. 

of  a  piece  of  machinery  is  not  always  a  simple  one,  but  is  very 
often  the  resultant  or  aggregate  of  several  independent  motions 
impressed  upon  it  simultaneously. 

Thus,  the  motion  of  a  screw  working  in  a  fixed  nut  is  the 
aggregate  of  the  circular  motion  of  the  cylinder  and  the  axial 
motion  caused  by  the  thread.  Theee  two  together,  give  a  helical 
motion  to  any  point  on  the  screw.  Weston's  differential  pulley 
block,  which  the  student  has  already  studied,  forms  a  very  good 
example  of  aggregate  motion.  Here,  the  actual  motion  of  the 
load  is  the  resultant  of  two  opposite  and  nearly  equal  motions 
impai*ted  by  the  two  parts  of  the  chain  supporting  it 

In  some  printing  machines,  the  following  arrangement  is  adopted 
in  order  to  double  the  horizontal  motion  obtained  from  a  cmnk 
and  connecting-rod.      The  end  of  the  connecting-rod  carries  a 

Sinion  which  runs  between  two  racks.  One  of  these  racks  moves 
orizontally  between  guides  while  the  other  is  fixed.  The  motion 
of  the  movable  rack  is  composed  of  that  of  the  connecting-rod  end 
p^us  that  due  to  the .  rotation  of  the  pinion.  Sometimes,  as  in 
Example  II.,  two  wheels  of  different  sizes  are  keyed  together  on 
the  connecting-rod  end,  one  gearing  with  a  fixed  rack  nnd  the 
other  with  a  movable  one.  In  this  way  the  travel  of  the  rack 
may  be  made  greater,  or  less,  than  the  diameter  of  the  crank-pin 
circle  in  any  desired  proportion.  In  all  these  cases,  where  the 
several  impressed  mo- 
tions are  in  parallel 
directions,  the  resul- 
tant is  simply  their 
algebraic  sum.  ^Jtp9r§9eQni 

Example  I.  —  A 
toothed  wheel  runs  in 
gear  with  two  parallel 
racks,  one  above  and  Piniok  Dbivkk  bt  Two  Racks. 

the  other  below  it,  the 
wheel  being  free  to  run  between  the  racks.     If  the  upper  rack 

*  A  recent  sppHcation  of  this  device  is  to  be  mat  with  in  the  steering 
gear  for  the  Aomiralty  torpedo-boat  destroyers. 
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has  a  velocity  of  2  feet  per  second  in  one  direction,  and  the  lower 
rack  n  velocity  of  3  feet  per  second  ia  the  op{>oaito  direction,  what 
is  the  velocity  of  the  oentre  of  the  wheeM    {S.  &,  A.  Exam.,  1887.) 

AhsWer. — When  a  wheel  rolls  along  a  road  with  a  velocity,  c, 
it  IB  clear,  that  the  point  on  the  rim  which  is  at  any  instant  touch- 
ing the  ground  is  for  the  moment  at  rest,  while  the  point  on  the 
rim  vertically  over  the  centre  will  be  moving  with  a  velocity  twice 
that  of  the  centre  of  the  wheel ;  that  is,  its  velocity  will  be  2  e. 

Ifow,  suppose  the  lower  rack  fiied.     Then,  from  what  has  been 

'aud,  it  is  evident  that  the  wheel  will  nin  between  the  racks  with 

a  velocity  equal  to  half  the  velocity  of  the  upper  rack.     That  if, 

the  wheel  will  be  moving  to  the  right  with  a  velocity  of  1  foot  per 

second. 

In  the  same  way,  if  we  suppose  the  upper  rack  fixed  the  wheel 
will  move  to  the  left  with  a  velocity  of  1^  feet  per  second. 

When  both  racks  move,  aa  shown,  then  the  wheel  will  have 
a  velocity  equal  to  half  the  difference  of  their  velocities ;  that  in, 
the  velocity  of  the  wheel  will  be  =  IJ  —  1  —  ^  foot  per  second, 
and  ill  the  same  direction  as  the  lower  rack. 

ExtHPLK  II. — A  crank,  12  inches  long,  is  attached  by  a  con- 
necting-rod to  the  axis  of  a  spur  wheel  24  inches  in  diameter, 
which  runs  upon  a  fixed  horixojUal  rack.    On  the  axis  of  the  spur 
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wlieel,  and  locked  to  it,  is  a  second  spur  wheel,  32  inches  in 
diameter,  which  gears  with  A/ree  Jumzonlal  rack  iliding  tn  guidei. 
Find  the  travel  of  the  rack  in  inches  for  each  revolution  of  the 
aaok.     (a  and  A.  Exam.,  1890.) 

Akswer. — There  are  two  answers  to  this  question,  according  as 
we  consider  the  two  racks  (the  fixed  and  movable  racks)  to  be  on 
the  satne,  or  on  the  opposite,  sides  of  the  axis  of  the  spur  wheels. 
In  either  caae,  the  motion  of  the  movable  rack  is  made  up  of  two 
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motions — one  due  to  t1)e  motion  of  the  axis  of  the  wheels,  and  the 

other  due  to  the  circular  motion  of  the  wheels  about  their  common 

axis.     Suppose  the  crank  to  make  one-half  turn  from  the  inside 

'  dead  point  to  the  outside  dead  point  in  the  direction  Rh6wn  by  the 

arrow.     Then,  evidently,  the  axis  of  the  wheels  will  be  moved 

towards  the  left  by  an  amount  equal  to  twice  the  length  of  the 

crank  »  2  x  12  »  24  inches.      Also,  any  tooth  on  the  smaller 

wheel  will  turn  through  an  arc  of  the  circumference  equal  to 

24  inches.     Any  tooth  on  the  larger  wheel  will  turn  through  an 

1  fi 
arc  of  its  pitch  circle  equal  to  ~  x  24  =  32  inches.    Hence,  the 

exact  motion  of  the  movable  rack  consists  of  a  motion  of  24  inches 
along  with  the  axis  of  the  wheels,  and  another  of  32  inches  due  to 
the  turning  of  the  wheels  about  their  common  axis. 

First,  suppose  the  racks  to  be  on  opposite  sides  of  the  axis. 
Then,  from  an  inspection  of  the  figure,  it  is  clear  that  the  motion 
of  the  movable  rack  will  be  the  sum  of  these  two  separate 
motions. 

/.    Motion  of  movable  rack  per )        .ij    ,   q.->       k/s  •    u 

11/.  X  r        1  >  =  24  +  32  =  56  inches, 

half  turn  of  crank  J 

During  the  other  semi-revolution,  the  rack  moves  back  the  same 
distance — i.e.,  it  moves  112  inches  in  all. 

Secondly,  when  the  racks  are  on  the  same  side  of  the  axis,  it  is 
equally  clear  that  the  motion  will  be  equal  to  the  difference  of  the 
two  separate  motions. 

/.    Motion  of  movable  rack  per )        «.       ««  o  •     i_ 

half  tufn  of  c«nk  |  =  24  -  32  =  -  8  inches. 

This  shows  that  the  rack  moves  in  the  opi)Osite  direction  to 
the  axis.  The  whole  motion  in  this  case  per  revolution  of  the 
crank  is  8  inches  each  way  or  16  inches  in  all.  In  this  latter 
case  it  is  evident  that  the  axis  of  the  wheels  must  be  guided 
horizontally  in  order  to  keep  them  in  gear,  with  the  racks. 

Epicyclic  (Trains  of  Wheels.— We  sometimes  find  that  the  axes 
of  some  of  the  wheels  in  a  train  are  not  fixed,  but  rotate  around 
another  axis.  Such  trains  are  called  Epicyclic  Trains.  The 
movable  axes  are  fixed  to  an  arm,  called  the  Train  Arm,  which 
rotates  about  that  axis.  Epicyclic  trains  are  used  in  those 
machines  where  some  motion  is  required  which  it  would  be 
difficult,  or  inconvenient,  to  obtain  with  an  ordinary  train.  For 
instance,  they  are  used  in  the  ''  Cordelier,''  or  rope  making 
machine,  in  order  to  twist  the  fibres  of  the  strands  in  one 
direction  while  the  strands  themselves  are  being  twisted  together 
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in  the  opposite  direction.  If  this  were  not  done  the  fibres  would 
be  getting  untwisted  while  the  strands  were  being  twisted,  and 
a  useless  rope  would  result.  Bj  putting  a  little  extra  twist  on 
the  fibres,  the  rope  will  be  hard  and  firm  and  will  not  tend  to 
untwist. 

The  student  has  already  studied  an  application  of  the  epicjdic 
train  in  Lecture  VIII. — viz.,  the  Rotatory  Dynamometer.  In 
this  case  the  train  is  one  of  bevel  and  not  of  spur  wheels  as  in  the 
other  examples  we  will  connider  here. 

The  motion  of  any  wheel  in  an  epicyclic  train  is  an  aggregate 
motion ;  for,  the  wheel  has  a  certain  angular  velocity  due  to  its 
rotating  about  its  own  axis,  and  another  caused  by  the  rotation 
of  that  axis  along  with  the  train  arm.  In  this  case  also,  the 
resultant  motion  is  the  algebraic  sum  of  the  several  parts. 

Let,  Nd  =  Number  of  revolutions  of  driver  in  unit  time  rela- 
tive to  some  fixed  point. 

„      Np  =  Number  of  revolutions  of  follower  in  the  same  time 
relative  to  the  same  fixed  point. 

„      Nj,  »  Number  of  revolutions  of  the  arm  in  the  same  time 
relative  to  the  same  fixed  point. 

/'Number  of  revolutions  of 
follower  in  a  given  time 
relative  to  the  arm. 

I  Number  of  revolutions  of 
driver  in  the  same  time 
relative  to  the  arm. 

Oare  must  be  taken  to  give  e  its  proper  sign ;  for,  e  is  negative 
if  the  driver  and  follower  rotate  in  opposite  directions  relative  to 
the  arm,  and  positive  if  in  the  same  direction. 

Now,  since  tlie  driver  rotates  N^  times  in  unit  time  and  the 
train  arm  N^  times,  their  relative  motion  will  be  (N^  -  N^)  turns. 
Similarly  the  number  of  revolutions  of  the  follower  relative  to  the 
arm  will  be  (Np  -  N^^). 

.-S^^. m 


„         «  =  Value  of  the  train 


N„  -  N/ 


It  should  be  noted  that  if  the  driver  and  follower  rotate  in 
opposite  directions,  one  of  them  must  be  considered  the  positive, 
and  the  other  the  negative,  direction. 

Epicyclic  Train  for  Drawing  Ellipses. — The  figure  shows  the 
wheel  work  of  an  instrument  for  tracing  ellipses  by  means  of 
rolling  circles.     Suppose  the  circle  A  0 1  to  roll  inside  a  circular 
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arc,  DI,  of  twice  its  radius.  Then,  as  was  proved  in  Ijecture 
XIII.  ID  connection  with  the  hypocycloid,  the  point,  I,  will  move 
aloDg  the  straight  line  I A  (A  being  the  centre  of  the  arc,  D  I), 
and  it  is  manifest  that  £  (the  centre  of  A  C  I)  will  describe  a  circle 
round    A.      Any    other 

point  in  B  I,  or  B I  pro-  *\ 

dnced,    must,    therefore,  \ 

trace  out  an  ellipse.     It  \^^ 

is   inconvenient  in  prac-  , - — .,         \ 

tice    to    i-oll    the   circle,  .••'"  ^'-.^     \ 

A  CI,   inside    D  T,    and  /'  W 

the  same  result  may  be  /*'  \*. 

obtained  by  aid  of  an 
epicyclic  train.  Let  A 
be  a  wheel  Jiosed  at 
the  centre  of  the  arc, 
D  I,  and   B  another,  of 


n 


half  its  size,  concentric 
with  the  rolling  circle, 
A  CI.  These  are  con- 
nected by  the  train  arm, 
A  B,  which  rotates  about 

A,  and  an  idle  wheel,  £. 
B I  is  a  tracing  arm, 
rigidly  fixed  to  the  wheel, 

B.  Let  the  train  arm, 
AB,  now  rotate.      A,  the   driver,  does   not  rotate;   therefore, 

N|>  =  0,  and  e  =  ^  =  2. 


Epicyclic  Train  for  Tracikg  Ellipses. 


Then,  from  equation  (I)  we  get  :— 


e  = 


2  = 


,  Nk  -  N 


0  ~  N 


—  •  •    •    x'w     —      —    Jl^_ 


Or,  the  tracing  arm,  B  I,  and  train  awn,  A  B,  rotate  in  opposite 
directions  with  equal  velocities.  This  is  obviously  the  same  as  if 
the  tracing  arm  were  a  radius  of  the  imaginary  rolling  circle, 
A  C  I,  roUing  inside  the  ai-c,  D  I.  We  can  thus  see  that  if  we  put 
a  tracing  point  on  B  I,  it  will  trace  out  an  ellipse. 

Example  IH. — An  epicyclic  train  consists  of  three  wheels,  A, 
B,  C,  taken  in  order,  and  in  gear  with  each  other.  The  first 
wheel.  A,  has  75  teeth,  B  has  60  teeth,  C  has  45  teeth ;  also,  the 
driver,  A,  rotates  three  times  in  a  minute,  and  the  arm  rotates  four 
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times  in  a  minute,  and  in  the  pppogite  dii-ection.      How  many 
rotations  do  B  and  C  make  I'espectively  per  minute  f 

Answer. — The  arrangement  is  shown  diagrammatically  in  the 
above  figure. 

(1)  To  find  the  motion  of  B. — Here,  using  the  same  notation 
as  in  the  text,  we  have : — 

75  6 


Nj>  as  3 ;  N^  rs  -  4 ;  and  e^  «  - 


60 


Efictcltc  Train  of  Wheels. 


From  equation  (I)  we  get : — 


•^-Sn  -  NT* 


5 

4 


Nv,  +  4 


Fl 


3  +  4  ' 


N,,=  -^-4=  -121. 


That  is,  the  follower,  B,  rotates  12t  times  per  minute,  and  in 
the  opposite  direction  to  the  driver,  A. 

(2)  To  find  the  motion  o/C, — In  this  case,  «2  ~  en  ^  7k  =  «• 

XT  XT  K  XT  . 

As  before,         e^  ■ 


N" 


FS 


• 
•       • 

5 
3 

Np2  +  4 
3  +  4  ' 

35 
3 

-  4  = 

7f 

Whence,  C  turns   7|  times  per  minute,  in   the  same  direction 
as  A. 

These  results  may  be  arrived  at  otherwise  as  follows  : — Suppose 
the  wheels  and  arm  rigidly  connected,  so  as  to  move  as  one  piece  ; 
then,  let  the  arm  turn  for  one  minute,  so  as  to  receive  its  four 
negative  turns;  each  of  the  wheels  will  then  also  receive  four 
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negative  turns.     Now^,  suppose  the  arm  to  be  fixed,  and  let  the 

wheel,  A,  receive  seven  positive  turns,  so  as  to  cancel  the  four 

n^ative  turns  already  given,  and  leave  the  nett  motion  of  three 

positive  turns,  as  required  by  the  question. 

76 
The  effect  on  B  will  be  to  give  it  7  x  ^  =  SJ  negative  turns, 

and  on  C  to  give  it7x^xjv  =  ll}  l)Ositive  turns;  hence,  the 

total  motion  of  B  in  one  minute  will  be  -  4  —  8|  =  12|  negative 
turns,  and  of  C,  -  4  +  11}  =  7}  positive  turns. 

Example  IY. — What  is  an  epicyclio  train  of  wheels)  Two 
spur  wheels,  A  and  B,  whose  diameters  are  2  and  3  respectively, 
are  in  gear  with  an  an- 
nular wheel,  C,  whose 
diameter  is  8.  The 
wheels  A  and  C  have  a 
common  axis,  but  B  is 
carried  by  an  arm  centred 
on  the  axis  of  A.  If 
A  make  five  revolutions 
while  C  makes  one  re- 
volution, both  in  the 
same  direction,  find  the 
angle  described  by  the 
arm  during  this  time. 
(8.  k  A.  Exam.,  1888.) 

Answsb. — An  epicyclic 
train  of  wheels  is  one  in 
which  the  axes  of  the 
wheels  are  not  fixed  in 
space,  but  are  attached  to  a  rotating  frame  or  bar,  in  such  a 
manner  that  the  whole  train  of  wheels  can  derive  motion  from  the 
rotation  of  the  bar. 

Using  the  same  letters  as  before,  and  calling  A  the  driver  and 
0  the  follower,  we  have  :— N^  =  6 ;  Np=l;  ande»  -f  x|=  -^. 


Epioyclic  Tkaik  of  Wheels. 


Then,  from  equation  (I),  e  = 

-  i  - 


■  • 


That  is,  the  train  arm  has  made  1|^  turns  in  the  same  direction 
as  A  and  G. 
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Sun  and  Planet  Wheels. — This  device  was  iuvented  by  Watt  to 
convert  the  cmcillatory  motion  of  the  beam  io  his  eogines  into  the 
circular  motion  of  the  flywheel  As  will  be  seen  from  the  first 
iigure,  it  consists  of  a  wheel,  D,  rigidly  fixed  to  the  connecting 
rod,  t>  £,  and  kept  in  gear  with  another  wheel,  C,  by  the  link, 
DEC.     The  wheel,  C,  is  keyed  to  the  flywheel  shaft     Aa  the 

beam  oscillates  up  and 
down,  the  connecting-rod 
pulls  D  up  one  side  of  C, 
and  pushes  it  down  the 
other.  It  thereby  causes 
C  to  rotate,  and  with  it 
the  flywheel  and  shaft. 
The  student  will  easily 
see  that  the  wheels,  D 
and  C,  form  an  epicyclic 
train,  of  which  the  link, 
DEC,  is  the  train  arm. 
We  may,  therefore,  apply 
the  formula  already 
given  for  epicyclic  trains, 
lo  find  how  often  the  fly- 
wheel revolves  for  each 
up  and  down  movement 
of  tlie  beam.  Doing  this, 
and  assuming  D  and  C  to  be 
of  the  same  size,  we  get: — 

Nd  =  Number  of  revolutions  of  the  driver,  D,  for  each  up  and 

down  movement  =  0. 
Np  =  Number  of  revolutions  of  the  follower,  C,  for  each  up  and 

down  movement. 
Nji^  =  Number  of  revolutions  of  the  arm,  DEC,  for  each  up  and 

down  movement  =  1. 
(3=    -1. 


ScN  AND  Planet  Whbbls. 


From  equation  (I), 
Or, 


e  = 


N„-N 


t.«.,     -  1     = 


N,  -  1 
0  -  1  • 


P 


From  this  we  see,  when  the  wheels  are  equal,  that  the  flywheel 
goes  round  twice  while  the  connecting-rod  goes  once  up  and  down. 
If  the  wheel  D  be  twice  as  large  as  tlie  wheel  C,  we  would  find,  in 
the  same  way,  that  C  went  round  three  times  during  this  period. 
The  following  figure  shows  these  sun  and  planet  wheels  as  applied 
to  Watt's  double-acting  steam  engine.* 

*  See  Lecture  II.  of  the  Author's  Text-Book  on  Steam  and  Steam  Engines. 
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Sim  and  Planet  Cycle  Gear. — The  illustration  on  next  page 
{which  has  been  kindly  supplied  by  the  makers  of  this  gear,  the 
^'Elliptic"  Cycle  Syndicate  of  Grantham)  shows  a  recent  inter- 
esting application  of  the  sun  and  planet  wheels.  Both  wheels  are 
elliptic  in  this  case,  and,  therefore,  give  a  variable  velocity-ratio. 
By  means  of  this  gear,  the  pedals,  which  travel  in  an  elliptical 
{Mith,  are  caused  to  move  at  a  uniform  speed.     The  velocity-ratio 


Watt's  Double-Actino  Steam  Ekoine,  showiko  Sun  and  Planet 
Motion  (S.  &  P.M.)  and  Parallel  Motion  (P.M.). 

between  the  cranks  and  driving  wheel  has  a  double  variation  at 
«ach  revolution  of  the  cranks,  which  move  more  quickly  at  the 
top  and  bottom  positions.  The  quicker  movement  caused  by  the 
gearing  is  counteracted  by  the  quick  vertical  movement  of  the 
]»edals,  due  to,  and  governed  by,  the  position  ut  which  the  crank- 
pin  bearing  is  attached  to  the  pedal  bar.  The  result  is  a  regular- 
and  uniform  movement  of  the  pedals  in  an  elliptical  path;  the 
train  value  being  2:1. 
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It  ia  claimed  bjr  the  inventor,  that  a  bicycle  haring  an  elliptical 
pedal  patb,  with  a  uail'onn  moTement,  ban  a  great  advantage  over 
a  GiTCulaT  pedal  patb,  as  the  pressure  can  be  applied  continuooslj', 
whilst  in  the  circular  path  nearly  one-quarter  of  the  travel  at  top 
and  bottom  is  horizontal,  and,  therefore,  not  in  an  effective 
direction. 

The  shape  of  the  planet  wheel  governs  the  double  variation,  and, 
consequently.  muBt  always  be  an  ellipae,  but  the  sun  wheel  may  be 
made  eccentric,  and  with  half  the  number  of  teeth  of  the  elliptical 
wheel,  the  value  of  the  train  then  being  3  :  1. 


Harrison's  Eluftic  Cvclk  GsAit. 

CamB. — Ctims  are  usually  of  the  form  of  discs  or  cylinders. 
They  rotate  about  an  axis,  and  give  a  reciprocating  motion  to  some 
point  in  a  rod  by  means  of  the  form  of  their  periphery  or  surface, 
or  by  grooves  in  their  surface. 

The  cam  geuerally  revolves  uniformly  i-ound  its  axis,  whilst  the 
reciprocating  motion  may  be  of  any  nature,  depending  on  the  sliape 
of  the  cam,  and  may  be  in  a  plaTie  inclined  at  any  angle  to  the  axid 
of  rotation.  In  the  following  examples,  uniformity  of  rotation  is 
assumed  in  the  case  of  the  cam,  and  the  motion  of  the  reciprocatiog 
piece  takes  place  in  a  plane  perpendicular  to  the  axis. 


HEART-SHAPED  GAM. 
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Heart  Wheel  or  Heart-shaped  Cam. — Suppose  that  it  is  reqaired 
to  give  a  uDiform  reciprocatiDg  motion  to  a  bar  moving  vertically 
between  guides,  and  in  a  line  passing  through,  0,  the  centre  of 
motion  of  the  cam  plate. 

Let  the  sliding  bar  be  at  its  lowest  position,  as  shown,  and  when 
in  its  highest  position  let  its  extremity  be  at  the  point  6.  The 
distance  thus  moved  is  called  the  travel  and  will  be  passed  over 
during  one-half  revolution  of  the  cam.  The  required  curved  outline 
may  be  obtained  in  the  following  manner: — With  centre,  0,  describe 
circles  passing  through  the  extreme  positions  of  the  end  of  the  rod. 
Divide  the  travel  into,  say,  six  equal  parts  at  the  points  1,  2,  3, 
&c  Divide  the  semi-cir- 
cumference into  the  same 
number  of  equal  parts  by 
ndial  lines  G  T,  0  2',  &c. 
Then  with  centre,  C,  draw 
the  concentric  arcs  1,  1'; 
2,  2'j  &a,  intersecting  these 
radii  in  the  points  1',  2',  3', 
&c.  The  dotted  line  drawn 
through  these  points  will  re- 
present the  required  curve. 

If  the  end  of  the  sliding 
bar  rests  on  this  curve  it  is 
clear,  that  for  equal  angles 
turned  through  by  the  cam, 
the  bar  will  move  outwards 
through  equal  distances, 
and  consequently,  will  have 
uniform  linear  motion  im- 
parted to  it.  The  return 
motion  will  evidently  be 
obtained  by  the  similar  and 
equal  curve  1",  2*^,  3",  &c., 
on  the  opposite  side  of  the  cam. 

A  cam  so  formed  would  impart  the  required  motion  to  a  point. 
If  the  end  of  the  sliding  bar  be  provided  with  a  roller  in  order  to 
diminish  ^e  friction,  then  the  shape  of  the  cam  must  be  altered  so 
that  the  centre  of  the  I'oller  shall  move  over  the  outline  of  the 
cam  as  traced  above.  To  accomplish  this  we  must  draw  a  curve 
inside  the  original  one  by  describing  small  arcs  with  centres  on 
the  original  curve  as  at  T,  2%  3',  &c.,  and  with  a  radius  equal  to 
that  of  the  roller,  and  then  by  drawing  a  smooth  curve  touching 
these  arcs,  as  shown  by  the  heavy  line  in  the  figure. 


Hkart-shapbd  Cam. 
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Gam  for  Intermittent  Motion. — Sometimes  the  motion  imparted 
by  a  cam  is  intermittent.  For  instance,  a  common  form  of  lever 
punching  machine  is  fitted  with  a  cam  which  gives  the  punch 
an  upward  movement^  then  a  period  of  rest,  and  finally  a  down- 
ward movement  during  each  revolution.  As  an  example  of  this, 
let  us  set  out  a  diam  to  impart  vertical  motion  to  a  bar,  so  that 
the  latter  shall  be  raised  uniformly  during  the  first  half  revolu- 
tion, remain  at  rest  during  the  next  one-sixth,  and  descend 
uniformly  during  the  remainder  of  the  revolution. 

As  before,  suppose  the  reciprocation  to  be  in  a  line  passing 
through,  0,  the  centre  of  motion  of  the  cam  plate.  Then,  with 
centre,  0,  draw  circles  passing  through  the  extreme  positions  of 
the  end  of  the  bar.  Divide  the  circumference  into  three  parts 
corresponding  to  the  periods  of  one-half,  one-sixth,  and  one-third 


Cam  GrviNO  ak  Interval  of  Rxst. 


Cam  GrviNa  a  Quick  Retubn. 


revolution,  by  drawing  radial  lines  making  angles  of  ISC,  60*, 
and  120*.  Since  the  motion  is  to  be  uniform,  divide  the  travel 
into  a  convenient  number  of  equal  parts,  say  twelve;  and  the 
circumference  into  the  same  number  of  equal  parts  by  radial  lines. 
Draw  the  concentric  arcs  2,2*';  4,  4^" ;  <fec.,  and  3,  3' ;  6,  6' ;  <bc., 
as  shown.  The  curves  through  the  points  so  determined  will  give 
the  required  motions.  The  interval  of  rest  will  evidently  be  given 
by  the  circular  portion  from  12^  to  12'.  The  complete  outline  is 
represented  by  the  heavy  line  in  the  diagram. 

Quick  Retnm  Gam. — The  student  will  readily  understand  from 
the  right-hand  figure,  that  if  two-thirds  of  a  revolution  be 
occupied  in  raising  the  motion  bar  and  the  remainder  in  lowering 
the  same,  the  return  stroke  will  be  performed  in  half  the  time  of 
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forward  stroke.     The  curves  of  this  cam  are  found  in  the  same 
way  as  in  the  previous  examples. 

Cam  with  Groove  on  Face. — When  the  reciprocating  bar  has  to 
be  pulled  as  well  as  pushed  by  the  cam,  it  is  evident  that  the  cams 
already  considered  would  not  drive  it,  but  leave  it  at  its  extreme 
position.  In  such  a  case  the  periphery  of  the  cam  plate  is  not 
used,  but  a  groove  is  cut  in  it8  face,  as  shown  by  the  accompany- 
iug  figure.  The  end  of  the  rod  carries  a  pin  which  works  in  this 
groove.     The  rod,  therefore,  gets  pushed  out  by  the  inner  face  of 


Cam  with  Groove  on  Facx. 

the  slot  and  pulled  in  by  the  outer  face.  The  central  dotted  curve 
is  obtained  in  precisely  the  same  way  as  before,  and  the  two  full 
curves  are  drawn  parallel  to  it  at  a  distance  on  each  side  of  it 
equal  to  the  radius  of  the  pin. 

Cylindrical  Grooved  Cam.— This  differs  from  the  above  in  that 
its  rim  is  cylindrical  and  long.  A  groove  is  cut  around  its 
cylindrical  surface,  but  it  is  not  made  circular.  Parts  of  it  are 
spiral,  and  so  act  on  a  pin  like  a  screw.  This  gives  a  motion  to 
the  bar  parallel  to  the  axis  about  which  the  cam  rotates. 
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Example  Y. — A  vertical  bar,  moTing  in  guides,  is  driven  by 
a  circular  cam  plate  having  a  centre  of  motion  in  the  centre  line 
of  the  bar.  The  distance  from  the  centre  of  motion  to  the* 
centre  of  the  plate  is  2  inches,  and  the  bar  exerts  a  pressure  of 
10  lb&  when  rising,  but  falls  by  its  own  weight.  Fina  the  work 
done  in  100  revolutions  of  the  plate. 

Answer. — Since  the  distance  between  the  roller,  -S  B,  and  the 
centre  of  the  plate,  C  P,  remains  constant  as  the  plate  revolves^ 
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G 
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SR 

Slipping  roller. 
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Circular  cam  plate. 

CP 

Centre  of  plate. 

CM 

Centre  of  motion. 
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Circular  Cam  Plate. 


it  is  evident  that  the  bar  will  move  as  if  it  were  actuated  by  a 
crank  of  length  equal  to  the  distance  between  C  M  and  0  P,  and 
a  counecting-nxl  of  length  equal  to  the  radius  of  the  plate.  Hence 
the  stroke  of  the  bar  will  be  4  inches,  or  ^  foot— -i.e.,  twice  th& 
length  of  the  equivalent  crank  Neglecting  friction,  the  work 
done  in  raising  the  bar  by  one  revolution  of  the  plate,  will  be  : — 


10  X  ^  (ft. -lbs). 


•*•  Work  done  in  100  r&voltUiona  =  100  x  10  x  ^  »  333-3  ft.-lbs. 
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Pawl  and  Batchet  Wheel— A  toothed  wheel  which  is  acted 
fipou  bj  a  vibrating  piece,  termed  a  dick  or  paid,  is  called  a  ratchet 
tohed,  Batchet  wheels  are  made  in  many  different  forms,  and  are 
Tised  for  a  variety  of  purposes.  For  instance,  clocks  and  watches 
are  usually  provided  with  ratchet  wheels  to  allow  the  spring  or 
weight  to  be  wound  up,  without  disturbing  the  rest  of  the  works, 
and  they  are  used  to  drive  the  feeding  arrangements  of  many 
machines.  When,  as  in  the  latter  case,  the  click  or  pawl  drives 
the  ratchet  wheel,  it  is  carried  on  a  vibrating  arm.     In  the  first 


Pawl  and  Katohst. 

figure,  A  B  is  the  vibrating  bar  which  drives  the  ratchet  wheel,  by 
means  of  the  click,  BG,  and  teeth,  Oc,  when  moving  in  the 
direction  shown  by  the  arrow.  When  A  B  moves  back  to  A  B', 
the  click  slides  over  the  top  of  the  next  tooth  and  drops  behind  it. 
It  is  then  ready  to  drive  the  wheel  through  the  space  of  another 
tooth  when  A  B  again  moves  forward.  While  the  pawl  is  moving 
back  from  B  to  B',  the  wheel  is  prevented  from  moving  with  it 
by  another  paid  or  detent,  b  c.  In  this  case,  the  vibrating  bar  is 
on  the  same  axis  as  the  ratchet  wheel;  but  this  is  not  always 
so,  as  will  be  seen  from  the  next  example.  The  reactions  between 
the  teeth  and  the  pawl  have  to  keep  them  in  contact  with  each 
other.  The  resultant  pressure  of  the  teeth  on  the  pawl  must 
therefore  be  such,  that  its  moment  tends  to  turn  the  pawl 
towards  A,  the  centre  of  the  ratchet  wheel.  This  condition 
evidently  is  satisfied  if  C  D,  the  direction  of  the  resultant  pressure 
at  C,  passes  between  A  and  the  axis,  B,  about  which  the  pawl 
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turns.  Similarly,  the  moment  of  the  resultant  pressure  on  the 
detent  must  tend  to  turn  it  towards  A,  but  its  direction,  dc  (not 
cd)f  must  lie  outside  A  6,  because  this  detent  ends  in  a  hook. 
Both  pawls  might  have  been  like  B  C,  which  acts  by  pushing,  or 
both  hooks,  which  act  by  pulling,  like  b  c.  The  pawls  are  pressed 
against  the  ratchet  by  their  own  weight,  or  by  springs,  according 
to  circumstances.  When  a  ratchet  wheel  is  used  on^  to  pi'event 
the  recoil  of  the  axis  on  which  it  is  fixed,  the  vibrating  arm  is,  of 
course,  not  required,  and  only  the  detent  is  used. 

La  Garonsse's  Doable-Acting  Pawl. — This  is  a  pawl  which 
advances  the  ratchet  wheel  at  each  stroke.     Ab  will  be  seen  from. 


Double- AoTiNO  Pawl. 

the  diagram,  it  is  composed  of  two  clicks,  K  M  and  H  L,  carried  by 
an  arm,  K  G  H,  which  vibrates  about  its  centre,  G.  While  the  arm 
is  turning  in  the  direction  of  the  straight  arrow,  H  L  advances  the 
ratchet  by  the  space  of  half  a  tooth  while  K  M  retires  another  half, 
and,  therefore,  drops  behind  the  next  tooth.  During  the  return  of 
K G H,  KM  drives  the  ratchet  while  H L  moves  back.  It  will 
thus  be  seen  that  no  detent  is  required,  and  that  the  motion  of  the 
ratchet  is  nearly  continuous.  The  pawls  may  be  hooks,  when,  of 
course,  the  teeth  will  be  modified  to  suit.  The  positions  of  the 
clicks  and  arm  may  be  found  in  the  following  manner : — Draw  any 
convenient  radius,  AL,  of  the  pitch  circle,  BB,  and  from  it  set  out 
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the  aDgle,  LAD,  equal  to  the  desired  mean  obliquity  of  the  clicks. 
Draw  L  D  perpendicular  to  A  D,  and  describe  the  circle  C  C  with 
radius  AD;  the  directions  of  the  clicks  at  mid-stroke  will  be 
tangents  to  this  circle.  Make  angle  DAE  equal  to  an  odd 
number  of  times  half  the  pitch  angle  of  the  teeth,  and  draw  E  M, 
the  tangent,  at  E.  Let  this  intersect  the  tangent  L  D  at  F,  and 
the  pitch  circle  in  M.  Draw  F  G,  bisecting  angle  M  F  L,  and  take 
G,  any  convenientpoint  in  it,  for  the  centre  of  the  rocking  shaft. 
Lastly,  make  G  H  and  G  K  perpendicular  to  H  L  and  K  M 
respectively.  Then,  K  G  H  is  the  position  of  the  vibrating  arm, 
and  HL  and  KM  the  lengths  of  the  two  clicks,  and  their  positions 
at  mid- stroke.  The  ^ective  stroke  of  the  clicks  is  half  the  pitch  of 
the  teeth,  and  the  total  stroke  as  much  greater  as  may  be  necessary 
to  ensure  their  clearing  the  teeth. 

Reversible  PawL — The  next  figure  shows  a  form  of  click  used 
in  the  feed  motion  of  shaping  and  other  macbineB.     The  ratchet 


Bevebsiblk  Click. 

wheel  is  here  an  ordinary  toothed  wheel,  and  the  click,  B  C,  is  so 
shaped  as  to  be  able  to  drive  it  either  way.  When  the  click  is  in 
the  position  shown  in  full  lines,  it  drives  the  ratchet  wheel  in 
the  direction  of  the  ant>w.     When  the  wheel  is  required  to  rotate 
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the  other  waj,  the  dick  is  lifted  over  to  the  dotted  poaition;  and, 
if  it  be  deaired  to  stop  the  feed  motion  without  stopping  the 
machine,  the  click  is  put  in  an  upright  position.  A  portion  of 
the  pin  at  B,  which  tnms  with  the  click,  is  triangular  in  Hection. 
A  Hpring  presses  on  this  part  and  so  keeps  the  click  iu  aoy  one 
of  ita  three  pOBitions.  The  ratchet  wheel  ia  keyed  to  A,  the  axis 
of  the  screw  which  moves  the  slide  carryiog  the  cutter,  and  the 
friction  between  this  screw  and  its  nut  is  Hiifficient,  without  any 
detent,  to  prevent  the  ratchet  from  moving  buck.  The  vibrating 
arm,  A  B,  which  carries  the  click  is  driven  by  a  small  eccentric 
or  crank.  The  pawl  may,  of  course,  be  made  to  move  the  rachet 
more  than  one  tooth  at  a  time  by  adjusting  the  angle  through 
which  AB  vibrates. 

Masked  RatcheL — In  numbering  machines  it  is  often  aeceaaiiry 
to  print  the  same  number  twice,  as  in  cheques  and  their  connter- 
foifa.  The  ratchet  which  shifts  the  type  wheels  must,  therefore,  be 
moved  at  every  alternate  back-stroke  of  the  printing  machine. 
This  may  be  accompliabed  by  putting  a  seoond  ratchet,  running 
free  on  the  shaft,  alongside  the  driving  one  and  making  the  pawl 
broad  enough  to  move  both.  The  second  ratchet  has  the  same 
number  of  teeth  as  the  other,  but  its  teeth  are  made  alternately 
deep  and  shallow.  It  is  also  a  little  larger  than  the  driving 
ratchet,  so  that  the  pawl  passes  over  the  top  of  the  teeth  of  the 
latter,  without  moving  it,  when  in  a  ahallow  tooth.  Kext  stroke 
the  pawl  drops  into  a  deep  tooth.     This  allows  it  to  catch  the 


Indix  to  PiKts. 

O  W  (or  Grooved  wheel. 
EC  ,,  Eccentric  cam. 

ED  „  Ecoea trie  detent, 
£R  „  Eccentric  rod. 
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teeth  of  the  main  ratchet  and  ao  shift  the  type  wheel.      Thi 
arrangement  is  called  a  mntk'd  raUhel. 

SUe&t  Feed. — A  ratchet  wheel  is  alw&va  more  or  less  noisy  ii 
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Action,  and  the  wear  oatiHed  by  the  sudden  drop  of  the  pawl  is 
considerable.  To  avoid  this,  a  friction  cateh  ia  souietimes  sub- 
stituted for  the  pawl  and  a  grooved  wheel  for  the  toothed  one. 


The  pawl  and  ratchet  then  becomes  a  gilent  feed.      The  action 
of  this  arrangement  will  be  easily  understood  by  a  reference  to 
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the  figure.^  EO  is  an  eccentric  cam  which  is  tapered  at  its 
edge  to  fit  the  groove  in  the  grooved  wheel,  G  W.  It  can  turn 
on  a  pin  carried  by  the  lever,  L.  When  E  C  moves  as  shown  bv 
the  arrow,  the  friction  causes  it  to  turn  about  its  axis,  and,  since 
the  axis  is  not  concentric  with  the  circular  part  of  its  rim,  it 
gets  wedged  in  the  groove.  Hence,  for  the  rest  of  the  stroke,  the 
lever  carries  G  W  round  with  it.  At  the  beginning  of  the.  return 
stroke,  E  C  turns  in  the  opposite  direction,  and  so  gets  released 
from  the  groove.  A  detent,  E  D,  precisely  similar  to  E  C,  but 
carried  on  a  fixed  arm,  prevents  the  wheel  from  moving  back- 
wards. The  lever,  L  L,  is  worked  by  an  eccentric,  and  the  length 
of  its  stroke  may  be  adjusted  by  altering  the  position  of  the  end  of 
the  eccentric  rod,  E  B,  in  the  slot.  The  second  illustration  shows 
a  sawing  machine,  with  this  feed  motion  at  the  right-hand  side. 

Connting  Wheels. — In  counting  machines,  the  wheel  carrying 
the  figures  for  the  tens  must  turn  through  one-tenth  of  a  revolution 
while  the  units  wheel  shifts  from  9  to  0,  and  it  must  remain  at 
rest  at  other  times.  The  same  is  true  of  the  wheels  for  the 
hundreds  and  tens,  and  so  on.  The  most  obvious  way  to  do  this 
is  to  put  ten  teeth  on  the  follower  on  the  tens  shaft,  and  only  one 
on  the  driver  on  the  units  shaft.  Every  time  the  units  wheel 
passes  a  certain  point  it  will,  therefore,  shift  the  tens  wheel  by 
one  tooth.  The  teeth  on  the  follower  are  usually  pins,  and  a 
roller  is  pressed  between  them  by  a  spring.  This  roller  serves  to 
bring  the  wheel  to  its  exact  position,  and  to  lock  it  there. 

Another  device  is  shown  in  the  accompanying  figure,  which 
avoids  the  shock  that  always  takes  place  in  the  first  arrange- 
ment. Here,  A  is  the  shaft  whose  revolutions  require  to  be 
counted,  and  B  the  centra  of  the  counting  wheel.  The  wheel  fixed 
to  the  shaft.  A,  carries  a  pin,  C,  which  moves  the  counting  wheel 
by  gearing  with  the  sides  of  the  slots.  While  the  pin  is  in  a  slot^ 
the  horns,  G,  K,  <fec.,  pass  through  the  part,  M  G  H  L,  of  the 
driving  wheel,  which  is  cut  for  the  purpose.  After  the  pin  has 
left  the  slot,  the  curved  part,  GHK,  bears  on  the  convex  arc, 
H  K  M,  and  so  locks  the  counting  wheel  in  the  position  shown  in 
the  figure.  The  figure  shows  only  five  slots,  but  there  may  be  ten, 
or  any  other  required  number.  When  used  for  counting,  there 
would,  of  course,  be  ten. 

The  foUowing  construction  may  be  used  for  finding  the  propor- 
tions of  the  various  parts  : — Join  A  B,  and  set  out  angles  0  B  A, 

AJ>^^JU  1.  ,  .    360°         180*      ^  .      , 

A  J5  JLi,  <fcc.,  each  equal  to  -^ — ,  or ,  where  n  is  the  number  of 

Zn  n 

*  We  have  to  thank  Messrs  John  M'Dowal  &  Sons,  of  Johnstone,  the 
makers  of  this  machine,  for  these  two  figures. 
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slots  required.  Draw  AC  and  AD  perpendicular  to  B  C  and  BD 
respectively,  and  complete  the  regular  polygon,  of  which  0  A  and 
A  D  are  the  halves  of  two  adjacent  sides.     In  the  figure,  this  is  a 


Counting  Wheel. 


regular  pentagon.  Then  each  alternate  line  radiating  from  B,  such 
as  B  0  or  B  D,  is  the  centre  line  of  a  slot,  and  the  others,  as  B  A, 
the  centre  lines  of  the  circular  arcs^  GHK,  Ac      With  centre 
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A  and  radius  AC,  describe  the  circle  OED,  to  represent  the 
path  of  the  centre  of  the  pin,  and  another  circle,  with  B  as  centre, 
to  touch  it.  Then,  at  the  points  where  this  latter  circle  cuts  the 
centre  lines  of  the  slots,  make  semicircles  of  the  same  radius  as 
the  pin,  C.  The  sides  of  the  slots  may  then  be  drawn  parallel  to 
their  respective  centre  lines  to  touch  these  semicircles.  The  arcs, 
O  H  K,  are  drawn  with  radius  equal  to  A  H,  and  their  centres  at 
the  angles  of  the  polygon,  so  as  to  be  concentiic  with  H  K  M 
when  in  gear  with  it.  The  arc,  M  L  H,  has  its  centre  in  A  C, 
and  its  radius  equal  to  B  G  or  B  K. 

Geneva  Stop. — This  is  a  modification  of  the  above,  used  to 
prevent  watches  being  overwound,  and  such  like  purposes.  This 
is  effected  by  filling  up  one  of  the  slots^  as  shown  by  the  dotted 
circle  at  N.  The  pin  on  A  is  arrested  when  N  reaches  C  or  D. 
The  same  thing  would  result  from  filling  up  one  of  the  hollows 
like  G  H  K.  It  is  obvious  that  the  shaft.  A,  can  make  one 
complete  turn  for  every  slot,  except  the  stopping  one,  and  a 
complete  turn  all  but  the  angle,  G  A  K,  for  that  one. 

Coimting  Machines. — The  accompanying  illustration  shows  a  very 
good  form  of  counting-machine  (with  three  of  its  dials  removed) 


The  ''Univsbsal     Counter. 


which  works  on  a  modification  of  the  first  of  the  above-mentioned 
methods.*^  The  driving  mechanism  consists  essentially  of  a  short 
lever,  L,  which  can  oscillate  about  the  pin,  P,  and  which  drives 
the  ratchet  wheel,  R  W,  by  two  projections  on  its  end.  Below 
this  lever,  L,  there  is  a  circular  plate  from  which  a  pin  projects 
into  the  hole  in  L.  This  pin,  not  being  concentric  with  the 
circular  plate,  will  cause  L  to  oscillate  when  the  plate  rotates. 
The  rod,  Z,  is  attached  to  the  back  of  this  plate  when  the  instru- 
ment is  used  to  count  revolutions,  and  the  lever,  H,  to  its  edge,  as 
shown  in  the  figure,  when  used  to  count  oscillations.  The  ratchet 
wheel  spindle  carries  the  first  or  units  dial,  and  also  a  disc,  D, 
having  a  pin  projecting  downwards  from  its  lower  edge.  The 
next  spindle,  to  which  the  tens  dial  is  attached,  has  a  toothed 

*  This  and  the  following  figure  were  kindly  supplied  by  the  makers  of 
these  instruments,  Messrs.  Schliffer  &  Budenberg  of  Glasgow,  &o. 
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wheel,  TW,  with  twenty  t«eth.  These  teeth  are  alt«mately 
broad  and  narrow,  and  the  wheel  is  locked  by  the  disc,  D,  gearing 
between  two  coneeotitive  broad  teeth.  At  the  proper  time,  the 
pin  on  D  coniea  into  gear  with  a  nanvw  tooth,  and,  at  the  Mine 
time,  a  notch  on  the  edge  of  the  disc  allows  one  broad  tooth  to 
pass  round.  The  tens  spindle,  therefore,  makes  one-tenth  of  a 
revolution.  The  same  arrangement  is  adopted  for  the  other  dials; 
The  case  of  the  instrument  has  windows  which  allow  only  one 
figure  on  each  dial  to  be  seen  at  a  time.  In  order  that  the  dials 
may  be  easily  set  te  zero,  their  spindles  are  each  mounted  on 
fieparate  levers,  which  are  locked  in  their  places  by  the  bent  lever 
to  which  V  is  atteched.  Pulling  V  to  the  left  frees  these  levers, 
and  permits  them  to  be  so  turned  as  to  put  the  toothed  wheels 
out  of  gear  with  tbeir  respective  discs,  when  the  dials  may  be 
set  to  zero. 

Another  counter  by  the  same  makers  is  shown  in  the  second 


HlRDTHO   CotTNTEB. 

figure.  In  this  instrument  the  dials  are  cylindrical  and  all  mn 
loose  on  one  shaft.  To  the  right-hand  aide  of  each  (except  the 
first)  is  fixed  a  number  of  pins,  and  to  the  left  (except  on  the  last) 
two  only.  Above  the  dials,  between  each  pair,  a  set  of  little 
toothed  wheels  is  mounted  loosely  on  a  secondary  spindle.  These 
toothed  whei^ls  gear  with  the  pins  on  the  dials,  and  every  alternate 
tooth  is  also  broad  enough  to  gear  with  the  side  of  the  right-hand 
dial,  which  locks  them  in  the  same  way  as  the  disc  in  the  "  Uni- 
versal "  counter.     The  two  pins  on  the  left  of  a  dial  come  into 
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gear  at  the  proper  time,  aad  a  slot  oa  the  side  of  the  dial  allowB 
the  little  pinion  to  tarn  two  teeth.  This  is  just  sufficient  to 
•cause  the  next  dial  to  turn  through  one-tenth  of  a  revolution. 
The  same  thiug  is  true  of  each  of  the  other  dials.  This  instrument 
is  driven  in  a  similar  way  to  the  previous  one. 

Watt's  Parallel  Motion. — Referring  to  the  illustration  of  Watt's 
double-acting  engine,  previously  given  in  this  Lecture,  the  student 
will  notice  that  the  beam  and  piston-rod  are  connected  by  a  set  of 
links.  This  system  of  links  has  been  called  Wat£»  Parcdld  Motion. 
The  first  part— viz.,  that  for  guiding  a  point  in  a  straight  line — ^is 
usually  termed  a  *'  parallel  motion,"  although  this  term  properly 
belongs  to  the  portion  which  oiakes  certain  other  points  travel  in 
paths  parallel  to  that  of  this  guided  point.     The  next  figure  will 
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serve  to  show  the  principle  on  which  an  approximate  rectilinear 
motion  is  obtained.  Part  of  the  beam  of  the  engine  is  shown  in 
three  different  positions,  C  T^,  0  T^,  and  C  Tg.  The  point,  T,  in 
it  is  connected  by  the  link,  T  ^,  to  the  end  of  a  lever  or  radius  rod, 
c  ty  pivotted  at  c.  In  their  mid  positions,  C  Tg,  c  t^,  these  two 
levers  are  usually  parallel  to  each  other,  and  perpendicular  to  the 
line  Pj  Pj  Pg.  The  point,  T,  describes  an  arc  of  a  circle  round  0, 
and  t  round  c.  As  these  arcs  curve  in  opposite  directions,  we 
should  expecft  some  intermediate  point  on  the  link,  T  ^,  to  curve  in 
neither  direction,  but  to  describe  an  approximate  stiuight  line. 
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P  <      C  T 
This  point,  P,  may  be  found  by  making  :^-=  =  — •-,     The  actual 

ir  1         c  t 

path  of  P  is  like  the  figure  8,  and  the  parts  which  cross  are  very 

nearly  exact  straight  lines  for  a  short  distance  on  either  side  of 

the  crossing. 

Prof.  Rankine  gives  the  following  constmotion  for  the  lengths 
of  the  links  in  his  Machinery  and  MUlwork : — Let  A  be  the  centre 
of  the  beam,  G  D  the  centre  line  of  the  piston-rod's  motion,  and  B 
the  mid  position  of  its  end.  Draw  A  D  perpendicular  to  G  D. 
Make  D  E  equal  to  one-fourth  of  the  stroke,  and  join  A  E.  Draw 
E  F  perpendicular  to  A  E,  and  meeting  A  D  in  F.  A  F  is  the 
length  of  the  beam.  If  G  be  the  point  where  the  radius  rod  cuts 
G  D,  draw  G  K  at  right  angles  to  G  D,  and  make  D  H  equal  to 
G  B.  Join  A  to  H,  and  F  to  B,  and  produce  A  H  and  F  B  to 
meet  G  K  in  K  and  L.  Then,  F  L  is  the  connecting  link,  K  L  is 
the  radius  rod,  and  B  is  the  point  on  the  link,  F  L,  to  which  the 
piston-rod  must  be  attached. 

Parallel  Motion. — We  will  now  consider  the  parallel  motion 
proper.  In  the  accompauying  figure  A  B  T  ^  is  a  parallelogram, 
and  c  is  a  point  in  A<  produced.      In  the  meantime  we  will 

A  ^ 


Parallel  Motion  for  Eichard's 
Paballkl  Motion.  Indicator. 

leave  the  links  CT  and  BD  out  of  account  and  consider  the 
parallelogram  only.  Join  B  c  and  we  have  two  similar  triangles, 
B  A  c  and  P  <  c. 

^4-  =  4^-       /.  P<=-BA-r-  =  a  constant. 
BA       Ac  Ac 

That  is,  in  every  position  of  the  parallelogram  the  point,  P, 
remains  in  one  fixed  position  in  the  link,  T  U     Moreover,  the  ratio 
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Be 

=—  is  coDstant,  and,  therefore,  whatever  path  P  traces  out,  6  will 

i  c 

trace  out  a  similar  one.  This  is  the  principle  of  the  pantograph^ 
which  is  used  for  enlarging  or  reducing  drawings.  Now,  we  have 
just  seen  how  we  may  make  P  move  in  an  approximate  straight 
line  by  the  link,  0  T.  B  will,  therefore,  also  move  in  an  approxi- 
mate straight  line.  We  might  have  guided  B  instead  of  P  with 
a  radius  rod,  but  this  would  have  necessitated  longer  and  heavier 
links  and  would  have  occupied  more  space. 

In  applying  this  motion  to  his  engine.  Watt  made  Ate  the  beam, 
and  attached  the  piston-rod  to  B  and  the  air  pump-rod  to  P.  The 
lengths  Ac,  te  were,  therefore,  proportional  to  the  strokes  of  the 
piston  and  pump  bucket  respectively.  Sometimes  a  third  link 
was  added  so  as  to  get  a  second  parallelogram  and  a  second  point 
moving  parallel  to  P,  and  this  was  used  to  drive  the  feed-pump. 

The  right-hand  figure  shows  the  ])arallel  motion  of  Richard'^ 
steam  engine  indicator.*  The  student  will  at  once  see  that  it  is 
a  modification  of  Watt's  parallel  motion.  In  this  case  the  piston- 
rod,  P  B)  is  attached  by  the  link,  E  F,  to  the  bar,  C  D,  between 
D  and  the  centre,  C.  The  motion  of  p,  to  which  the  pencil  is> 
attached,  is,  therefore,  a  magnified  copy  of  the  piston's  motion.* 

*  See  Lecture  XVI.  of  the  author  s  Elementary  ManiuU  qf  Steam  and  the 
Steam  Bnqine  for  a  description  of  this  indioatot. 
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Leoture  XIX.— Questions. 

1.  Describe  Hooke's  joint  for  conneotinfl^  two  axes  whose  directions  meet 
in  a  point.  Investigate  a  method  of  setting  out  in  a  diagram  the  angles 
described  by  the  axes  in  the  same  given  time.  (Hons.  S.  and  A.  Exam., 
1895.) 

2.  Sketch  and  describe  the  doable  Uooke's  joint,  and  explain  why  it  is 
used  in  certain  cases  in  preference  to  the  single  joint. 

3.  The  rods  of  a  double-barrelled  pump  are  attached  to  a  double-cranked 
shaft,  at  the  end  of  which  is  a  wheel  with  30  teeth.  The  wheel  gears  with 
a  pinion  of  8  teeth  driven  by  a  winch  handle.  Find  the  number  of  single 
strokes  performed  by  each  pump  rod  while  the  winch  handle  makes  15 
revolutions,  and  sketch  the  arrangement.     ^n«.  8. 

4.  In  printing  machines  the  table  is  sometimes  made  to  reciprocate  by 
running  a  pinion  between  two  racks,  whereof  one  is  fixed  and  the  other  is 
attached  to  the  table.  The  pinion  may  be  actuated  by  a  crank  and  con- 
necting-rod, but  in  that  case  the  reciprocation  of  the  table  is  not  uniform, 
how  may  a  uniform  reciprocation  be  obtained?  (Hons.  S.  and  A.  Exam., 
1893.) 

5.  What  is  an  epicycUc  train,  and  where  are  such  trains  chiefly  employed  ? 
Investigate  a  formula  for  ascertaining  the  relative  velocities  of  the  nrst  and 
last  wheels  of  such  a  train.  In  an  epicyclic  train,  where  the  tirst  wheel 
has  20  teeth  and  ia  fixed,  the  second  and  third  wheels  are  on  one  axis  and 
have  30  and  40  teeth  respectively,  and  the  last  wheel  has  50  teeth,  find  the 
number  of  rotations  of  the  last  wheel  for  30  rotations  of  the  aroL  In  which 
direction  does  the  last  wheel  rotate  relatively  to  the  arm?  (S.  and  A. 
Exam.,  1893.)    Ana.  14;  in  the  same  direction. 

6.  In  a  rope-making  machine,  the  reels  containing  the  strands  are  carried 
round  in  a  circular  path,  but  no  twisting  or  untwisting  of  the  strands  occurs 
during  the  operation.  Sketch  and  debcribe  the  epicvclic  train,  or  other 
device,  by  which  yon  would  accomplish  this.  If  a  little  extra  twist  be 
required  to  be  put  on  the  strands,  how  may  this  be  done?  Explain  your 
answer  fully.     (8.  and  A.  Exam.,  1891.) 

7.  Prove  the  formula  which  gives  the  velocity  of  rotation  of  the  last 
wheel  of  an  epicyclic  train  in  terms  of  the  velocities  of  the  first  wheel  and 
the  arm,  snd  arrange  an  epicyclic  train  in  which  the  last  wheel  and  the 
arm  shall  rotate  with  equal  velocities  in  opposite  directions.  (S.  and  A. 
Exam.,  1889.) 

8.  A  train  of  three  spur  wheels  is  carried  by  a  revolving  arm,  the  first  is 
a  dead  wheel  of  60  teeth,  the  second  has  30  teeth,  and  the  third  has  45 
teeth.  Prove  the  formula  for  determining  the  number  of  revolutions  of  the 
second  and  third  wheels  for  each  revolution  of  the  arm,  and  ascertain  the 
actual  numbers  in  this  example.     (S.  and  A.  Exam.,  1890.)    Ans.  3;-^. 

9.  Investigate  the  kinematic  properties  of  an  epicyclic  train  formed  by  a 
combination  of  three  equal  bevel  wheek  in  gear.  Describe,  Mrith  sketches, 
the  manner  in  which  this  combination  has  been  applied  in  Houldsworth's 
differential  motion.  Mention  other  useful  applications  of  the  combination, 
pointing  out  the  special  results  obtained.     (Hons.  S.  and  A.  Exam.,  1895.) 

10.  An  epicyclic  train  supported  on  a  frame  consists  of  (1)  a  spur  wheel, 
A,  having  40  teeth  ;  (2)  a  disc,  B,  having  the  same  axis  as  A,  and  carrying 
at  eqaal  intervals  three  pinions  of  16  teeth,  each  of  which  sears  with  A ; 
(3)  an  annular  wheel,  C,  of  72  teeth  coaxial  with  A  and  B,  and  gearing  with 
the  three  pinions.  If  A  be  made  a  dead  wheel  and  G  be  the  driver,  find  the 
Telocity  ratio  of  B  to  C,  both  as  regards  magnitude  and  direction,  proving 
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any  formaU  which  you  employ.  If  B  be  locked  to  the  frame,  and  A  be  the 
driver,  find  the  same  as  regards  C  and  A.  How  would  you  alter  the  gear- 
ing on  B,  so  that  C  and  A  may  rotate  in  the  same  direction  while  the  disc 
B  remains- locked  to  the  frame  ?  How  may  the  driving  gear  of  a  bicycle  be 
arranged  so  that  the  vehicle  may  travel  more  slowly  up-hill,  while  the  pedal 
axis  runs  at  the  same  rate  as  on  level  ground  ?  ( Uons.  S.  and  A.  Exam. , 
1894.)    Atu.  A ;  -  {. 

1 1.  Explain  the  manner  in  which  Watt  used  the  so-called  Sun  and  Planet 
Wheels  as  a  substitute  for  a  crank  and  connecting-rod,  and  account  for  the 
result  which  he  obtained.     (S.  and  A.  Exam.,  1892.) 

12.  What  are  elliptical  wheels,  and  for  what  purpose  are  they  used  ? 
What  peculiar  property  of  the  ellipse  has  to  be  taxen  into  account  in  de- 
signing them,  and  how  are  they  arranged  in  practice?  Give  a  sketch. 
(Adv.  S.  and  A.  Exam.,  1892.)  How  are  these  wheels  applied  to  the 
drivins  of  cycles  ? 

1 3.  Sketch  a  cam  for  giving  a  bar  a  uniform  reciprocating  motion,  and 
explain  how  you  find  the  form  of  its  periphery. 

14.  Set  out  a  form  of  cam  which,  when  acting  on  a  bar  by  uniform 
rotation,  will  cause  the  backward  and  forward  motion  of  the  bar  to  have 
an  interval  of  rest  between  each.  Describe  some  other  method  of  obtaining 
an  intermittent  motion  of  this  kind.     (Adv.  S.  ft  A.  Exam.,  1888.) 

lo.  Describe,  by  the  aid  of  the  necessary  sketches,  how  the  circular 
motion  of  the  driving  pulley  is  converted  into  the  reciprocating  motion  of 
the  punch  in  an  ordinary  machine  for  punching  holes  in  metal  plates. 
Calculate  the  approximate  maximum  pressure  in  pounds  at  the  end  of  a 
punch  in  cutting  a  hole  1  inch  in  diameter  through  a  steel  plate  |  inch 
thick,  the  resistance  of  the  plate  to  shearing  being  taken  as  50, (MX)  lbs.  per 
square  inch  of  section.     (Aav.  S.  &  A.  Exam.,  1894).     Ana.  98,175  lbs. 

16.  Sketch  and  describe  what  form  of  cam  you  would  use  when  it  is 
retjuired  to  drive  the  bar  both  ways,  (1)  at  right  angles  to  the  axis  of  the 
cam,  and  (2)  parallel  to  it. 

17.  Sketch  a  pawl  and  ratchet  wheel  as  used  for  preventing  the  recoil  of 
the  gear. 

18.  Sketch  and  describe  some  form  of  pawl  which  will  drive  a  ratchet 
wheel  during  both  the  forward  and  backward  strokes. 

19.  Sketch  a  ratchet  feed  motion,  such  as  is  suitable  for  a  planing 
machine,  and  explain  the  manner  in  which  the  amount  of  feed  is  regulated. 
(S.  &  A.  Adv.  Exam.,  1892.) 

20.  It  is  sometimes  useful  to  advance  a  ratchet  wheel  at  every  cUternate 
forward  stroke  of  the  driver,  instead  of  at  every  stroke,  as  is  commonly 
the  case ;  describe  and  sketch  a  mechanical  contrivance  which  will  give 
such  a  movement. 

21.  Describe,  with  the  necessary  sketches,  some  form  of  silent  feed 
arrangement  commonly  used  instead  of  a  ratchet  wheel,  for  advancing  the 
timber  in  sawing  machines.  Explain  the  principle  of  the  friction  grip  upon 
which  such  a  contrivance  depends.  Within  what  limit  as  to  deviation  of 
the  line  of  pressure  from  the  common  normal  is  a  friction  grip  possible,  and 
why?    (Adv.  S.  ft  A.  Exam.,  1893.) 

22.  Sketch  and  describe  a  vertical  sawmill,  showing  how  the  silent  feed 
is  applied. 

23.  Sketch  and  describe  an  arrangement  for  counting  the  number  of 
strokes  or  revolutions  of  an  engine. 

24.  Explain  the  principle  of  Watt's  approximate  straight  line  motion, 
commonly  called  a  parallel  motion.  By  what  combination  of  linkwork  is 
an  exact  straight  line  motion  obtained  ?  Prove  the  geometrical  proposition 
upon  which  the  result  depends.     (S.  ft  A.  Hons.  Exam.,  1893.) 
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SCIENCE  AND  ART  DEPARTMENT'S  ADVANCED  AND 
HONOITRS  EXAMINATIONS  IN  APPLIED  MECHANICS 
FOR  1896,  1897,  AND  1898  NOT  INCLUDED  AT  THE 
END  OF  ANT  OF  THE  LECTURES  IN  EITHER  VOLS. 

L  OR  n. 

1.  In  a  vernier  ealliper,  the  bar  of  the  instrnment  ia  divided  into  inches, 
«nd  each  inch  is  sub-divided  into  40  equal  divisions.  On  the  sliding  jaw  of 
the  instrument  is  carried  a  vernier  whose  length  is  equal  to  24  of  the 
small  divisions  on  the  bar  of  the  calliper  (the  vernier  therefore  measures 
IS  inch  in  length),  and  the  vernier  scale  is  divided  into  25  equal  divisions. 
AVhen  the  sliding  jaw  is  brought  into  close  contact  with  the  fixed  limb  of 
the  calliper,  the  zero  line  on  the  vernier  then  coincides  with  the  zero  line 
•on  the  bar ;  what  would  then  be  the  distance  between  the  first  line  from 
zero  on  the  vernier  and  the  first  line  of  the  scale  on  the  bar  of  the  calliper  ? 
Sketch  and  describe  the  construction  of  the  instrument  and  the  method 
of  takine  outside  measurements  with  it.  What  would  be  the  exact  posi- 
tion of  uie  vernier  on  the  bar  of  the  instrument  when  the  two  jaws  of  the 
•callipers  are  separated  by  a  distance  of  0*782  inch?  (S.  &  A.  Adv.  £xanL, 
1896.) 

2.  What  are  the  differences  in  the  methods  of  workinfc  of  a  milling 
machine  and  of  a  planing  machine,  as  arranged  for  toolinff  flat  surfaces  ? 
What  are  the  advantages  of  milling  over  planing  ?  Sketch  in  front  and 
end  elevation  the  cutter  or  mill  for  tooling  a  flat  surface,  and  give  any 
details  you  can  as  to  the  best  form  for  the  teeth,  and  say  why  for  cutting 
metals  the  cutting  speeds  of  milling  tools  can  be  made  greater  than  those 
of  ordinary  planing  tools.    (S.  &  A.  Adv.  Exam.,  1896.) 

3.  Compare  the  physical  qualities  of  cast  iron  and  wrought  iron,  and 
of  these  with  mild  steel  such  as  is  used  for  boiler  construction;  also 
•compare  tihem  with  the  steel  used  for  turning  tools.  Give  a  numerical 
statement  of  the  relative  powers  of  these  four  varieties  of  iron  to  resist 
tensile,  compressive,  and  torsional  stresses  respectively.  What  are  the 
fundamental  differences  in  chemical  composition  between  cast  iron, 
wrought  iron,  and  mild  steel?    (S.  k  A.  Hons.  Exam.,  1896.) 

4.  Show  clearly  why,  under  ordinary  conditions,  a  worm  wheel  should 
not  be  employed  to  drive  a  worm,  and  state  also  under  what  conditions 
such  a  method  of  driving  becomes  possible.  In  large  horizontal  borinff 
machines,  the  boring  bar  that  carries  the  boring  hes^  is  slowlv  revolved 
by  a  large  worm  wheel,  which  is  itself  driven  by  a  worm  rotated  either  by 
suitable  pulleys  and  belting  from  the  main  driving  shaft  of  the  shop,  or  by 
a  small  engine  coupled  direct  on  to  the  worm  shaft.  Sketch  the  boring 
bar,  with  the  boring  head,  as  also  the  driving  gear,  and  show  how  the 
boring  head  is  traversed  along  the  bar.  Why  is  worm  gearing  used  for 
•driving  these  heavy  machines?    (S.  &  A.  Hons.  Exam.,  1896.)^ 

5.  Describe  and  show,  with  the  necessary  sketches,  the  driving  arran^- 
ment  of  the  Whitworth  double-geared  slottinjo:  machine.  Show  and  describe 
olearly  how  the  upward  or  return  stroke  of  the  tool  is  made  more  quickly 
than  the  downward  or  cuttine  stroke.  Show  also  how  the  len^h  of  the 
stroke  is  varied ;  how  the  height  to  which  the  ram  can  he  lifted  is  adjusted 
to  suit  the  vanning  depths  of  work  on  the  table ;  and,  lastly,  indicate  how 
Hie  back  gear  is  thrown  in  and  out  of  gear.     (S.  &  A.  Hons.  Exam.,  1896.) 
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6.  Describe  clearly  the  tempering  of  any  steel  object  about  which  yoa 
know  most.  Give  your  own  notion  of  what  probably  occars  in  Uie  material, 
and  your  reasons,  although  there  is  no  satisfactory  explanation.  (S.  &  A. 
Adv.  Exam.,  1897.) 

7.  A  steam  piston  of  a  bull  engine  30  ins.  diameter,  the  pressure  under- 
neath exceeds  the  pressure  above  by  the  amount  p  lb.  per  sauare  inch. 
f>  is  given  in  the  following  numbers  for  every  6  inches  of  stroke  (but  the 
piston  may  not  go  so  far  as  stated),  beginning  with  the  bottom  position. 
100,  98,  97,  96,  95,  79,  67,  57,  49,  43,  39,  35,  31,  28,  25,  23,  21.  The  total 
weight  lifted  is  15  tons,  find  the  Telocity  at  various  points  of  the  stroke 
and  the  length  of  the  stroke.*    (S.  &  A.  Hons.  Exam.,  1897.) 

8.  A  bicycle  rider  weighing  127  lbs.,  his  bicycle  being  33  lbs.,  finds  that 
on  a  descent  of  1  in  80  with  feet  off  pedals  he  is  just  able  to  get  on  very 
slowly  but  steadily ;  call  his  speed  0.  On  a  long  slope  of  1  in  40  his  steady 
speed  is  10  miles  per  hour ;  on  a  long  slope  of  1  in  20  his  steady  speed  is 
20  miles  per  hour.  In  all  three  cases  his  feet  are  off  the  pedals.  Find 
the  resistance  to  motion  on  the  same  kind  of  level  road  at  each  of  these 
speeds.  Neglect  the  extra  resistance  due  to  pedalling,  and  find  a,  &,  and  e  in 
F  =  W(a  +  &v  +  cv^),  the  law  of  resistance  on  a  level  road  at  the  speed 
V  if  W  is  the  total  weight.  At  12  miles  per  hour  going  up  and  going  down 
an  incline  of  1  in  60,  what  are  the  horse-powers  exerted  by  a  rider  of 
150  lbs.  on  the  same  bicycle  on  the  same  kind  of  road?*  (S.  h,  A.  tions. 
Exam.,  1897.) 

9.  A  link  has  motion  parallel  to  a  plane.  Given  the  velocities  and 
accelerations  of  two  pins,  how  do  we  draw  the  velocity  and  acceleration 
diagrams  which  give  at  once  the  velocity  and  acceleration  of  any  point  in 
the  link  ?  Prove  your  two  constructions  to  be  correct.+  (S.  &  A.  Hons. 
Exam.,  1897.) 

10.  Answer  only  one  of  the  following  a,  6,  c,  or  d : — a.  How  is  cement 
made  ?  What  is  your  notion  of  what  occurs  when  it  sets  and  gradually 
hardens  ?  What  is  the  effect  of  the  addition  of  sand  ?  6.  Choose  some 
cast-iron  object  and  explain  why,  and  where,  it  may  have  initial  strains 
and  weakness,  c.  Describe  very  briefly  the  differences  in  composition, 
properties,  and  uses  of  cast  iron,  wrought  iron,  mild  steel,  tool  steel,  and 
any  three  other  metals  or  alloys  used  in  mechanical  construction,  d.  What 
is  a  chilled  casting  ?  a  malleable  casting  ?  how  is  each  produced  ?  Describe 
how  wrought  iron  is  case-hardened.     (S.  &  A.  Adv.  Efxam.,  1898.) 

*  See  Prof.  Perry's  Avplied  Mtehaniet.  Chapter  zi. 
t  See  Kennedy's  Mecnanicg  of  Machinery. 
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1888  Science  and  Art  Examination  on 
Applied  Mechanics. 

Instructions  fob  Advanced  Stage. 

Yon  are  not  pjermltted  to  answer  more  than  seven  questions. 
The  Talne  attaohed  to  each  question  is  shown  in  brackets  after  the 
question. 

21.  What  is  the  nature  of  the  forces  prodacing  the  simplest  recipro- 
cating motion  ?  A  body  of  40  lb.  weight  hangs  from  a  spiral  spring  and 
▼ibrates  Tertically ;  what  is  the  periodic  time  of  its  vibration  if  the  stiffness 
of  the  spring  is  such  that  a  weight  of  10  lb.  would  elongate  it  0.1  foot  ? 

(25.) 

22.  Prove  the  formnla  for  the  kinetic  energy  of  a  moving  body.    A  ball 

weighing  i  lb.,  moving  at  1,200  feet  per  second,  passes  through  a  plate  of 
iron  in  0.C02  second,  and  its  velocity  is  reduced  to  200  feet  per  second.  Find 
the  work  done  in  passing  through  the  plate,  and  the  average  force  during 
the  time  of  its  passage.  (25.) 

23.  Describe,  with  sketches,  a  brake  suitable  for  about  10  horse-power 
from  a  gas  engine.  How  would  you  calculate  the  brake-power  7  If,  when 
the  brake-power  is  9.7,  the  indicated  power  is  11.8,  and  when  the  brake- 
power  is  o  the  indicated  power  is  1.75,  what  is  the  probable  brake-power 
when  the  indicated  power  is  7.25?  Use  squared  paper  or  not  as  yon 
please.    State  the  reasons  for  your  method  of  arriving  at  the  result. 

(30.) 

24.  If  a  thin  vessel  is  subjected  to  fluid  pressure  p  inside  (in  excess  of 
the  outside  pressure),  prove  that  the  total  bursting  force  at  any  plane 
section  Up  A  if  J.  is  the  area  of  the  whole  section.  How  do  we  calculate 
the  tensile  stress  in  the  section  a  of  the  metal  7  Find  the  rule  for  the 
stress  in  a  thin  spherical  vessel.  Does  the  rule  apply  to  a  thick  vessel  7 
Give  reasons  for  your  answer.  (25.) 

25.  Describe,  with  sketches,  a  common  screw-jack.  If  the  radius  at 
which  the  hand  acts  is  15  inches,  and  the  pitch  of  the  screw  is  0.3  inch, 
what  is  the  velocity  ratio  7  How  would  you  proceed  to  find  its  mechanical 
advantage  experimentally  under  various  loads?  What  sort  of  results 
would  you  expect  to  find  7  (30.) 

26.  The  vane  of  a  wheel  of  an  internal-flow  turbine  is  normal  to  the  rim 
which  moves  at  40  feet  per  second.  Water  is  guided  so  as  to  enter  the  rim 
with  a  radial  velocity  of  4  feet  per  second  ;  what  must  be  the  angle  made 
by  the  guide  blade  with  the  rim,  if  the  water  is  to  enter  without  shock  7 
If  the  circumferential  area  of  all  the  openings  of  the  rim  is  1.5  square  feet. 
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what  volame  of  water  flows  per  second  T  We  use  convenient  but  not  very 
exact  language  when  we  ask — what  is  the  total  tangential  momentum  per 
second  entering  the  rim  ?  (30.) 

27.  Sketch  and  describe  the  constmction  of  either  the  hab  of  a  cycle 
wheel  or  of  any  other  ball  bearing  with  which  yon  are  acquainted.  Explain 
the  advantages  and  disadvantages  of  ball  beurings  over  the  ordinary  axle 
or  shaft  bearing,  stating  the  reasons  for  year  answers.  (2  c) 

28.  Sketch  and  describe  the  mechanism  by  which  the  slide  or  saddle  of 
a  screw-catting  lathe  can  be  pat  into  gear  with  the  leading  screw,  so  as  to 
traverse  the  shde  antomatically  along  the  bed  of  the  lathe,  or  be  thrown 
out  of  g^ear  so  as  to  allow  of  the  slide  being  traversed  by  hand. 

Describe  how  a  screw-thread  can  be  cat  in  a  lathe,  and  determine  the 
namber  of  teeth  on  the  change  wheels,  and  sketch  th^  arrangement  when 
catting  a  screw-bolt  with  10  threads  to  the  inch  on  a  lathe  in  which  the 
leading  screw  is  of  i"  pitch.  (25.) 

29.  Sketch  and  describe  the  constmction  and  working  of  the  mechanism, 
inclading  the  driving  pulleys,  by  which  the  table  of  a  machine  for  planing 
metals  is  moved  backwards  and  forwards.  If  the  travel  of  the  table  is  9 
feet,  and  it  makes  80  double  strokes  per  hour,  catting  both  ways,  find  the 
resistance  to  motion  if  there  is  5  horse-power  aotoally  expended  at  the 
tooL  (25.) 

30.  Suppose  the  vertical  loads  and  supporting  forces  of  a  horizontal 
beam  to  be  known,  show  how  we  find  (i)  the  total  shearing  force  at  any 
section,  (2)  the  position  of  the  neutral  line,  (3)  the  tensile  or  compressive 

.  stress  at  any  place.    Prove  your  statements.  (30.) 

31.  In  calculating  by  graphical  methods  the  tensile  or  compressive 
forces  in  the  several  members  of  braced  girders,  why  is  it  usual  to  repre- 
sent the  weight  of,  or  upon,  the  several  bars  by  equivalent  forces  acting  at 
the  joints,  and  to  assume  that  the  joints  are  frictionless  pin  joints  or  hinges  ? 

A  Warren  girder  has  six  equal  bays  on  the  bottom  flange,  the  girder  is 
90  ft.  span  and  13'  o"  deep.  It  is  loaded  with  a  weight  of  20  tons  resting 
on  the  apex  of  the  top  flange,  which  is  3/  6"  from  the  left  abutment. 
Determine  either  graphically  or  analytically  the  forces  in  the  diagonals  and 
flanges  of  the  girder  produced  by  this  load.  (25. ) 

32.  A  railway  bridge  over  a  road  is  40  feet  span.  An  engine  with  its 
tender  stands  upon  the  bridge.  The  weights  on  the  leading,  the  driving, 
and  the  trailing  axles  of  the  engine  are  9,  I5t  and  8  tons  respectively,  while 
the  load  on  the  three  axles  of  the  tender  is  7  tons  on  each.  The  engine 
stands  so  that  the  leading  axle  is  2}  feet  from  the  end  of  the  bridge,  and 
the  distance  between  the  centres  of  the  engine  axles  is  8  feet,  and  between 
the  tender  axles  is  4'  6",  while  between  the  trailing  axle  of  the  engine  and 
the  leading  axle  of  the  tender  is  8  feet.  Draw  the  bending  moment  and 
shearing  force  diagrams  for  the  above  position  of  the  en^ne,  and  write 
down  the  maximum  value  of  the  bending  moment  and  also  the  value  and 
position  of  the  maximum  shearing  force.  (25.) 

33.  What  sort  of  experiments  have  been  made  to  flnd  the  effect  of 
repeated  applications  of  load  upon  the  strength  of  materials  7  State  some 
figures  giving  a  roughly  correct  idea  of  the  result  of  these  experiments. 

(25.) 

34.  Describe  experiments  to  compare  the  speed  of  a  fly-wheel  with  the 

work  given  to  it  by  a  falling  weight.  If  you  nave  not  made  such  experi- 
ments, so  that  the  exact  method  of  finding  the  speed,  of  correcting  for 
friction,  kc.f  are  unknown  to  you,  you  had  better  not  attempt  this  ques- 
tion. '      (30.) 
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Instbuctioxs  foe  Konoubs. — Part  I. 

Read  the  General  Instructions. 

Ton  are  not  permitted  to  answer  more  than  eight  questions. 
The  value  attached  to  each  question  is  shown  in  brackets  after  the  ques- 
tion. 

41.  Knowing  the  axial  and  lateral  strains  in  a  tie-bar  of  homogeneous 
material  when  subjected  to  a  tensile  force,  show  how  we  calculate  the 
moduli  of  rigiditj  and  of  cubical  elasticity  of  the  material.  (40.) 

42.  Describe  with  sketches  a  good  ball  bearing  of  any  kind.  State 
clearly  the  nature  of  rolling  resistance.  What  is  known  about  its  amount, 
experimentally?  What  are  the  advantages  and  disadvantages  attending 
the  use  of  such  bearings  7  (30.) 

43.  You  are  asked  to  find  the  performances  and  efficiencies  under 
various  steady  loads  of  a  large  gas  engine  using  Dowson  gas.  It  has  two 
fly-wheels,  and  its  maximum  br^e  horse-power  is  about  100.  Make  good 
sketches  of  the  brake  or  brakes ;  how  would  yon  keep  it  or  them  cool  ? 
You  need  not  describe  carefully  how  we  take  indicator  diagrams  ;  but  you 
must  state  what  precautions  are  to  be  taken  for  accuracy.  What  gas 
measurements  would  you  take  7  How  would  you  find  the  heat  given  to  the 
water-jacket  7  What  sort  of  results  as  to  brake  and  indicated  power  would 
yoD  expect  to  find  7  (30.) 

44.  Prove  the  ordinary  formula  for  the  deflection  of  a  beam  of  length  2, 
supported  at  its  ends  and  loaded  in  the  middle  with  a  load  W, 

A  beam  of  uniform  rectangular  section  supported  at  the  ends  is  20' 
between  the  supports  ;  what  should  be  its  depth  in  order  that  the  deflec- 
tion may  not  exceed  .25*  under  a  maximum  stress  of  8ocx>  lbs.  per  square 
inch  of  section  7    JS=2S  x  10^  lb.  per  sq.  inch.  (4a ) 

45.  If  a  telegpiaph  wire  never  reaches  permanent  ■  set,  find  a  formula 
approximately  correct  showing  how  the  dip  alters  with  temperature.  (30.) 

46.  Find  the  inside  and  outside  diameters  of  a  hollow  steel  shaft,  the 
internal  diameter  being  {  of  the  external  diameter.  The  shaft  is  to  trans- 
mit 6,000  H.P.  at  1 16  revolutions.  Suppose  the  maximum  twisting  moment 
to  be  1.3  times  its  mean  value  and  the  maximum  stress  allowed  in  the 
material  to  be  10,000  lbs.  per  square  inch.  Prove  the  truth  of  the  formula 
which  you  use.  (30.) 

47.  A  body  weighing  322  Ibe.  is  lifted  by  a  force  of  F  lbs.  which  alters. 
When  the  body  has  risen  through  the  distance  x  feet,  the  force  in  lbs.  for 
the  several  values  of  a;  is  as  follows  (or  would  be  if  the  body  rose  as  far) : «- 


X 

0 
540 

I 
540 
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460 

7 
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220 

II 
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500 

190 
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190 

190 

190 
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Using  squared  paper,  find  the  velooitj  in  each  position  and  the  time 
taken  by  the  body  to  get  to  each  position  counting  from  a;=o,  the  velocity 
then  being  5  feet  per  second.  (40.) 

48.  A  structure  has  a  hollow  circular  section  10  inches  outside  diameter 
and  8  inches  inside.  The  resultant  of  all  the  loads  and  supporting  forces 
acting  on  one  side  of  the  section  has  a  component  of  30  tons  normal  to  the 
section  and  it  acts  at  2  inches  from  the  centre ;  find  the  maximum  and 
minimum  stresses  in  the  section.  (30.) 

49.  Assume  that  a  pipe  of  10"  diameter  inside  and  14"  diameter  outside, 
of  homogeneous  material,  can  withstand  no  tensile  stress  except  endwise. 
It  is  wound  outside  with  hoop-iron  in  tension,  which  produces  an  external 
radial  pressure  jp,  on  the  material,  the  tangential  compressive  stress  pro- 
duced by  this  near  the  outside  being  500  lbs.  per  square  inch  when  there  is 
atmospheric  pressure  inside  the  pipe.  Find  77,  and  the  tensile  force  in  the 
hoop-iron  per  unit  length  of  pipe.  What  is«the  tangential  compressive 
stress  everywhere  7 

Find  what  is  the  greatest  internal  pressure  that  the  pipe  will  withstand, 
and  the  stress  everywhere  when  there  is  this  pressure  inside. 
Prove  the  formulae  used  by  you.  (40.) 

50.  An  inward  flow-turbine  for  a  fall  of  30  feet  and  20  cubic  feet  of  water 
per  second  ;  sketch  the  turbine  ;  give  its  principal  dimensions  and  speed 
and  the  angles  of  guide  blades  and  values.  What  is  the  kinetic  energy  of 
a  pound  of  water  just  entering  the  wheel?    Neglect  losses  by  friction. 

(40.) 

51.  Prove  the  formula  used  for  finding  the  resultant  pressure  on  a 
sloping  plane  interface,  with  any  shape  of  boundary  underneath  the  surface 
of  a  liquid.  Also  find  the  position  of  the  resultant.  Apply  the  formula 
to  the  case  of  a  rectangle  with  its  highest  horizontal  side  5  feet  long  at  20 
feet  below  the  surface,  its  other  sides  being  12  feet  long  and  making  30* 
with  the  horizontal.  (30.) 

52.  A  symmetrically  loaded  beam  of  uniform  section ;  given  the  diagram 
of  bending  moment  when  supported  at  its  ends,  what  is  the  easy  rule  for 
obtaining  the  diagram  when  the  beam  is  fixed  at  the  ends  7  Prove  the  rule 
to  be  correct.  (40. ) 

Instructions  fob  Honours. — Part  II. 

Read  the  General  Instructions. 

You  may  not  attempt  more  than  eight  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the  ques- 
tion. 

Not  A. — No  Candidate  is  eligible  for  examination  in  Part  II.  of  Honours 
who  hoe  not  <Aready  obtained  a  pass  in  Sonours — Pari  I.  in  1 898,  or  a  let  or 
2nd  Class  in  Honours  of  the  same  subject  in  a  previous  year, 

61.  If  a  telegraph  wire  never  reaches  permanent  set,  find  a  formula 
approximatelv  correct  showing  how  the  dip  alters  with  the  temperature. 

(50.) 

62.  A  uniform  beam  of  rectangular  section  is  fixed  at  the  ends,  is  20  feet 
long,  has  a  load  of  10  tons  at  its  middle,  and  one  of  7  tons  at  5  feet  from 
one  end.    Find  the  diagram  of  bending  moment.  (50.) 

63.  A  spiral  spring  of  angle  a,  radius  of  coils  r,  length  of  wire  L  is 
fostened  at  its  upper  end  ;  to  the  lower  end  we  apply  a  snmll  axial  load  F^ 
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and  a  small  couple  L  about  the  aziB  of  the  spiral ;  find  the  axial  elongation 
and  the  rotation  of  the  lower  end.  (50.) 

64.  If  the  tractiye  force  of  a  motor  car  on  a  level  road  of  any  kind  is  a 
function  of  the  speed,  show  that  for  a  given  length  of  joamej  on  a  road  of 
this  kind  with  anj  gradients,  if  the  duration  of  the  journey  is  settled,  to 
expend  on  the  Journey  a  minimum  amount  of  propelling  energy,  the  speed 
ought  to  be  constant.  Why  is  it  not  fair  to  assume  from  this  result  that 
the  speed  of  a  bicycle  or  animal-diawn  carriage  ought  to  be  constant  7 

A  very  elementary  knowledge  of  the  calculus  of  variations  seems  to  be 
needed.  (50.) 

65.  A  round  bar  of  steel,  i  inch  diameter,  8  feet  long,  is  subjected  at  the 
centres  of  its  ends  to  equal  and  opposite  loads  of  i,Joo  lbs.  What  is  the 
stress  if  the  rod  is  kept  from  bending  7  If  the  rod  hes  horizontally,  only 
supported  at  the  ends,  what  is  the  maximum  stress  due  to  its  own  weight  7 
If  now  it  is  subjected  to  the  endlong  loads  when  lying  horizontally  and 
supported  at  the  ends,  what  is  the  maximum  stress  7  Take  J^=3  x  i(y  lbs. 
per  square  inch.  (50.) 

66.  A  body  of  weight  TTis  at  the  end  of  a  horizontal  lever  O^TT  hinged 
at  O;  it  is  supported  by  a  vertical  spiral  spring  attached  to  the  point  B, 
Given  the  stiffness  of  the  spring,  show  how  we  find  the  time  of  vertical 
vibration,  neglecting  the  inertias  of  lever  and  spring ;  the  motion  of  the 
body  being  resisted  by  a  friction  of  an  amount  which  is  proportional  to  the 
speed.  Now  let  the  support  of  the  spring  get  a  simple  vertical  vibratory 
motion,  what  is  the  motion  of  TT  after  si&cient  time  has  elapsed  to  still 
its  natural  vibrations  7  *  (50.) 

67.  Describe  the  reasoning  and  experimental  work  of  Professor  Reynolds 
which  led  to  his  law  for  friction  of  fluids  in  pipes.  What  is  the  law  7  How 
is  it  related  to  the  well-known  D'Arcy  formula  7  (50. ) 

68.  A  steel  tube  7  inches  internal  and  10  inches  external  diameter  has 
steel  strip  wound  on  it  to  the  external  diameter  of  15  inches  under  a  con- 
stant winding  stress  of  20  tons  per  square  inch.  Imagine  no  interstices  in 
the  layers  of  strip.  Show  by  a  curve  the  stress  at  various  places  in  the 
solid  metal  and  in  the  winding.  (50.) 

69.  A  point  a^  y,  0  is  displaced  to  a;+u,  y+v,  2+to.  Write  out  the  six 
important  kinds  of  strain ;  also  what  are  called  *'  the  rotations."  Express 
the  connection  between  stresses  and  strains.  Deduce  the  equations  of 
equilibrium  between  the  stresses  and  volumetric  forces,  and  convert  them 
into  the  general  equations  of  stiain.  (50.) 

70.  In  what  way  may  a  piston  ring  be  made,  so  that,  without  the  help 
of  auxiliary  springs,  it  will  produce  a  uniform  pressure  against  the  inside 
surface  of  the  cylinder.     Prove  your  statement  to  be  correct.  (50.) 

71.  A  link  has  motion  parallel  to  a  plane.  Given  the  velocities  and 
accelerations  of  two  pins,  how  do  we  draw  the  velocity  and  acceleration 
diagrams  which  give  at  once  the  velocity  and  acceleration  of  any  point  in 
the  link  7    Prove  your  two  constructions  to  be  correct.  (50.) 

72.  The  resultant  of  all  the  loads  and  supporting  forces  acting  on  one 
side  of  a  cross  section  of  a  structure  like  a  metal  arch  Is  given  in  position. 
Prove  the  rule  by  which  we  find  the  tensile  or  compressive  stress  at  any 
point  in  the  section.  Such  a  cross  section  is  a  circular  ring  of  10  inches 
outside  diameter  and  8  inches  inside ;  the  resultant  has  a  component  of 
30  tons  normal  to  the  section,  and  acts  at  2  inches  from  the  centre ;  find 
the  maximum  and  minimum  compressive  stresses  in  the  section.      (5a) 


EXAMINATION  TABLES. 


USEFUL  CONSTANTS. 

1  Inch  =  25 '4  millimetres. 

1  GaUon  =  -1605  cubic  foot  =  10  lbs.  of  water  at  62"  F. 

1  Knot  =  6080  feet  per  hour. 

Weight  of  1  lb.  in  London  =  445,000  dynes. 

One  ponnd  avoirdupois  s  7000  grains  =  453*6  grammes. 

1  Cubic  foot  of  water  weighs  62*3  lbs. 

1  Cubic  foot  of  air  at  0^  C.  and  1  atmosphere,  weighs  '0807  lb. 

1  Cubic  foot  of  Hydrogen  at  0°  C.  and  1  atmosphere,  weighs  *U0557  lb. 

1  Foot-pound  =  1-3562  x  10'  ergs. 

1  Horse-power-hour  =  33000  x460  foot-pounds. 

1  Electrical  unit  =  1000  watt-hours. 

Joule's  Bqniyalent  to  suit  Regnanlt's  H.  is    {^gl  ^;^- 1  \  ^^i.'^J*" 

1  Horse-power  =  33000  foot-pounds  per  minute  =  746  watts. 

Yolts  X  amperes  =  watts. 

1  Atmosphere  =  14*7  lb.  per  square  inch  =  2116  lbs.  per  square  foot  = 
760  m.m.  of  mercury  =  10'  dynes  per  sq.  cm.  nearly. 

A  Column  of  water  2  3  feet  high  corresponds  to  a  pressure  of  1  lb.  per 
square  inch. 

Absolute  temp.,  t  =  ^  0.  -f-  273'*-7. 

Begnault's  H  =  606*5  +  305  6"  C.  =  1082  -f-  -305  9*  F. 

p  u  !•««  =  479 

B     C 

log  ^  =61007- J --jy 

where  log  ,oB  =  31812,  log  jfi  =  5'0871, 

p  is  in  pounds  per  square  inch,  t  is  absolute  temperature  Centigrade, 
u  is  the  volume  in  cubic  feet  per  pound  of  steam. 

«•  =  3-1416. 

One  radian  =  57*3  degrees. 

To  convert  common  into  Napierian  logarithms,  multiply  by  2*3026. 

The  base  of  the  Napierian  logarithms  is  e  =  2*7183. 

The  value  of  g  at  London' =  32*182  feet  per  sec.  per  sec. 
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OBAHtm  OHimW  S  aO.'B  PUBLIOATtOm. 

THE   DESIGN   OF   STRUCTURES: 

Pvttetfoal  TrtkUmm  on  th«  BuUdlnjr  of  Bridir***  Roollii 

By   S.   ANGLIN,  C.E., 

Matter  of  EngiiMering,  Rojral  Univentty  of  Ireland,  late  Whatworth  Sdiolar,  ftc 

With  Tery  nameroos  Diagnuns,  Examples,  and  Tables. 
Laige  Crown  8to.    Cloth. 

Second    Edition,    RwtMd.     I60. 


The  leading  features  in  Mr.  AngUn's  carefully-planned  "  Design  of  Strvo- 
tnref  "  may  be  briefly  summarised  as  follows : — 

I.  It  supplies  the  want,  long  felt  among  2)tudents  of  Engineering  and 
Aidiitecture,  of  a  concise  Text-book  on  Structures,  requiring  on  the  part  of 
the  reader  a  knowledge  of  Elementary  Mathematics  only. 

s.  The  subject  of  Graphic  Statics  has  only  of  recent  years  been  gencndly 
applied  in  this  country  to  determine  the  Stresses  on  Framed  Structures ;  and 
in  too  many  cases  this  is  done  without  a  knowledge  of  the  principles  apo» 
which  the  science  is  founded.  In  Mr.  Anglin*s  work  the  system  is  explained 
from  riRST  principles,  and  the  Student  will  find  in  it  a  Taluable  aid  in 
determining  the  stresses  on  all  irregularly-framed  structures. 

3.  A  large  number  of  Practical  Examples,  such  as  occur  in  the  erery-day 
experience  of  the  Engineer,  are  given  and  carefully  worked  out,  some  being 
■ohred  boUi  analytically  and  graplucally,  as  a  guide  to  the  Student 

4.  The  chapters  devoted  to  the  practical  side  of  the  subject,  the  Strength  ol 
Joints,  Punching,  Drilling,  Rivetting,  and  other  processes  connected  wiu  the 
manufacture  of  Bridges,  R00&,  and  Structural  work  generally,  are  the  remit 
of  MANY  years'  EXPERIENCE  in  the  bridge-yard ;  and  the  information  given, 
on  this  branch  of  the  subject  will  be  found  of  great  value  to  the  practiod 
bridge-builder. 


"  Stadonts  of  Eagineering  will  find  this  Text-Book  invaluablb." — Arckittct 

"The  author  has  ceitaialj  tuoceeded  in  producing  a  THoaouoHLV  pxactical  Tea^ 
Book."— ^m/<^. 

"We  can  unhesitatingly  recommend  this  woric  not  only  to  the  Student,  as  the  aan* 
TkzT^BooK  on  the  subject,  but  also  to  the  professional  engineer  as  an  sxcbbduiclv 
VALUABLE  book  of  reference.  **~^(K'4mmmm/  WtrltL 

"This  woik  can  be  coNriDXMTLY  recommended  to  engineers.  The  author  has  wisely 
chosen  to  use  as  little  of  the  higher  mathematics  as  possible,  and  has  thus  made  his  book  m 


KBAL  USK  TO  TRB  PRACTICAL  BMGiMSBB.    .    .    .    After  csrwul  perusal,  we  havo 
for  the  work."— JV«l«rV. 
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In  Large  Sto.    Handsome  Cloth.     lOs.  6d. 

CHEMISTRY   FOR  ENGINEERS. 


BERTRAM  BLOUNT, 

F.LO..  F.O.8..  A.LO.B., 

OMMultiiif  Chtmlct  to  the  Grown  hjgaiXM  for 

the  Ooloniee. 


BT 
AND 


A.  Q.  BLOXAM, 

F.LO..  F.O.B., 
Omitaltl&c  OhemJet,  Heftd  of  the  fliimMii 
Depeitment,  Ooldimlthi'  Init., 
New  OroM. 


OBHBBAL  OONTBHTS.— I&trodnetlon-aiiemlitry  of  the  Chief  HaterUli 
of  GonitraoUon— Sources  of  Bnergy-^Ohemittry  of  Steam-raleliis—Cheiiilft- 
try  of  Lnbileatlon  and  Lubricants— Metallurgical  Processes  used  in  the 
Winning  and  Manufacture  of  Metals. 

"The  Aafhon  hare  booosbdkd  beyond  all  ezpectatloa,  and  hare  prodaeed  a  work  whkk 
•hoald  fire  vrbsh  powbb  to  the  Engineer  and  Mannfiustarer.'* — Tht  TVmec. 

"PBAonoAL  THmouaHOUT  ...  an  asmikabu  vbxt-book,  naeftal  not  only  to  Stndentii 
bot  to  SxoiHMu  and  lUirAeBBs  or  works  in  rainjiTino  wari  and  improtiio  pkooimm.  — 


'*A  book  worthy  to  take  hioh  rank  .  .  .  treatment  of  the  rabjeet  of  eAUOVS  Fvn 
paitienlarij  good.  ,  .  .  Wavrr  oab  and  its  prodnctlon  clearly  worked  out.  .  .  .  We 
warv&t  RKOimiBD  the  work."— /outimI  ofQiu  lAgMmg. 


VoT  Companion   Volume   by  the   same  Authors,  ^'CHSMiSTaT 

FOR  Manufacturbbs,"  seo  p.  71. 


Works  by  WALTER  R.  BROWNE,  M.A.,  M.lNST.G.E., 

Late  Fellow  of  Trinity  College,  Cambridge. 

THE    STUDENT'S    MECHANICS: 

An  Introduetlon  to  the  Stady  of  Foree  and  Motion. 

With  Diagrams.     Crown  Sto.    Cloth,  4s.  6d. 

in  atyle  and  pmctical  in  metliod,  'Thb  SrviMBn^s  Mbchamicr'  ia  ooidiatty  ••  be 
all  points  of   ' 


FOUNDATIONS    OF    MECHANICS. 

Papen  reprinted  from  the  Engimir,     In  Crown  Sto,  is. 


Demy  8vo,  with  Numerous  Illustnitions,  95. 

FUEL    AND    WATER: 

A  Manual  for  Users  of  Steam  and  Water. 

By   Fnor.    FRANZ    SCHWACKHOFER  op  Vienna,  and 

WALTER  R.   BROWNE,   M.A.,  CE. 

Gbmbral  CoMTBNTi.^Heat  and  Combttstaoo— Fnel^  Varieties  of— Flrinc 
MBtt:  Fomace,   Flues.  Chimney— Tlie  Boiler^  Chotce  of— Varietiee— Fee<^«aiar 
Heaters— Steam  Pipes    Water :  Composition,  Punficmtion— Prerention  of  Scale,  Ac,  ftc 

"Hie  Section  on  Heat  is  one  of  the  best  and  most  lucid  ever  written."— .^iiifi'wwp'. 
^  Cannot  fiul  to  he  Talwahle  t*  thousands  using  steam  power.*— Awlnuy  ^i^i 


Ml 


LONDON :  CHARLES  GRIFFIN  A  CO..  LIMITED.  EXETER  STREET,  STRAND. 


OHABLMa  aRimnf  s  ao.*a  publioatiowb. 


SEWAGE   DISPOSAL  WORKS; 

A  Guide  to  the  Construetion  of  Works  for  the  Prevention  of  the 
Pollution  by  Sewa^re  of  Rivers  and  Estuaries. 

BY 

W.  SANTO    CRIMP,   M.Inst.C.E.,   F.G.S., 


With  Tablet,  lUnstntions  in  the  Text,  and  37  Lithosimphic  Plotoi.     Medium 

Sto.     Handsome  Cloth. 

Sbcovd  Edition,  Revised  and  Enlarged.    30s. 


PART  L— Inthoductokt. 


D««aib  of  River  PoIlulioiM  and  R 
tioBi  of  Various  Commusionft. 

Hovilr  •Bd  Daily  Pl«^  of  S«wac^ 
Hie  Pail  SysteB  as  Affectai«  Se 


:x: 


Settling  Tanks. 
Chemical  Processes. 
The  Disposal  of  SewaM-skidffe. 
The  PrepanuioB  of  Land  for  Sewage  Dis- 
posal 
Table  of  Soirage  Panp  Management 


PART  II.— <Sbwaob  Disposal  Works  in  Operation— Their 

CONfTRUCnON,  MAafTENANCB,   AND  COST. 

inmtrated  by  Plates  showing  the  General  Plan  and  Anangement  adopted 

in  each  District 

finMiford,  Pred|Mtation. 

New    MsMfn,   Chrmiral    Treatment    and 

Small  Filters. 
Friem  BaiacL 

Acton,  Ferosone  and  Polarite  Process. 
IMbrd,  ChadwoU,  and  Dagwiham  Woritt 

CoventtT* 

Wimbledon. 


Map  of  the  LONDON  Sewage  Systc 

Crossness  OutfalL 

Barking  OutfiilL 

Doacaster  Ixrigatkm  Farm. 

Beddington    Irrigatioa   Farm,   Borough  of 

Qroydoo* 
Bedford  Sewage  Farm  Irrigation. 
Dewsbory   and    Hitchin    intermittent  fVt- 


Merton^  Crovdon  Rnial  Sanitary  Authoiifejr- 
Swanwick,  Derbyshire. 
The  Ealing  Sewage  Woihs. 


Kuigston-00-Thames,  A  B.  C  Procem 
SaUbrd  Sewage  Works. 


Margate. 

Portsmouth. 

BERLIN  Sewi^e  Farms. 

Sewage    Precipitation    Works,    Dortmund 

(Gmnany). 
Treatment  of  Sewage  by  Bleotrotyas. 


%*  From  the  fact  of  the  Autho/s  having,  (br  some  years,  had  charve  of  the  Main 
Piainage  Worics  of  the  Northern  Section  of  the  Metropolis,  the  chapter  on  Lokdon  will  be- 
foond  to  cootain  many  important  details  which  would  not  odierwise  have  been  available. 


"  All  penoos  interested  in  Sanitary  Science  owe  a  debt  of  gratitude  to  Mr.  Cranp.  .  .  . 
Hu  work  will  be  especially  useful  to  Samitakt  Authoutibs  and  their  advisers  .  .  . 
wmmmmrty  raAcriCAL  and  usbpul  .  .  .  gives  plans  and  descriodons  of  m ant  or  TKa 
MOST  iMroKTANT  sbwacb  wqkks  of  England  .  .  with  venr  valuable  inlbrmatioB  as  t» 
Ike  COST  of  oenstiuciion  and  working  of  each.    .    .    .    The  caretaBy^preparad  drawings  pe^ 


Probably  the  most  complstb  and  sbst  TaaATisa  on  the  sabiect  which  has  a] 
«     .  Will  prove  of  the  grealaat  use  to  aH  who  have  the 

to  hot-^'-Edinburgk  M*dicalJ<mmtil, 
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Works  by  BRTAN  DONKIN,  M.Inst.C.E.,  ILInstMeehJE.,  &c. 

GAS,  OIL,  AND  AIR  ENGINES: 

A  Praetieal   Text -Book   on    Internal    Combustion   llotors 

without  Boiler. 

By  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Mech.E. 

Second  Edition,  Revised  throughout  and  Enlarged.    With  numerous 
additional  Illustrations.     Large  8vo,  Handsome  Cloth.     25s. 

GncnAL  Contents.— Gas  Enfirlnes :— General  Description— History  and  Derelop- 
Bent — British,  French,  and  German  Gas  Engines — Gas  Produciion  for  Motive  Power — 
Theory  of  the  Gas  Engine — Chemical  Composition  of  Gas  in  Gas  Engines— Utilisation  of 
Heat— Explosion  and  Combustion.  Oil  MotOFS :— Histoid  and  Development— Various 
Types— Pnestman's  and  other  Oil  Engines.  Hot-Alr  EniTUies :— History  uid  Develop- 
nent— Various  Types :  Stirling's,  Ericsson's,  &c,  &c. 

"The  BBST  BOOK  NOW  PUBLiSHBD  on  Gas,^  Oil,  and  Air  Engines.  .  .  .  Will  be^of 
VBBY  GRBAT  INTBRBST  to  the  numerotts  practical  engineers  who  have  to  make  themselves 
famihar  with  the  motor  of  the  da]^.    .    •    .     Mr.  Donkin  has  the  advantage  of  long 

PRACTICAL  BXPSRIBNCB,  COmbbed  with  HIGH  SCIBNTiriC  AND  BXPBRIMBNTAL  KNOWLBDGB, 

and  an  accurate  perception  of  the  reauiraments  of  Engineers." — Tkt  Engitutr. 

**Wa   HBARTiLY   RBcouMBND    Mr.   DonUn's  work.    ...    A   monument  of  cbtsIhI 
labour.    .    .    .    Luminous  and  comprehensive. " — y^mmal  ^ Go*  Lighting. 

"A  thoroughly  reliable  and  exhaustivb  TT^aX\w.'*—Ef^^ering» 


In  Quarto,  Handsome  Cloth.     With  Numerous  Plates.     25s. 

STEAM  BOILERS:   LAND  AND  MARINE 

(The  Heat  Efficiency  of). 

With  many  Tests  and  Experiments  on  different  Types  of 

Boilers,  as  to  tbe  Heating:  Value  of  Fuels,  te.,  with 

Analyses  of  Gases  and  Amount  of  Evaporation, 

and  Sugfirestions  for  the  Testing  of  Boilers. 

By    BRYAN    DONKIN,    M.Inst.C.E. 

General  Contents.— Classification  of  diflTerent  Types  of  Boilers-- 
425  Experimenu  on  English  and  Forei^  Boilers  with  their  Heat  Efficiencies 
i^own  in  Fifty  Tables— Fire  Grates  of  Various  Types — Mechanical  Stokers — 
Combustion  of  Fuel  in  Boilers — Transmission  of  Heat  through  Boiler  Plates, 
and  their  Temperature — Feed  Water  Heaters,  Superheaters,  Feed  Pumps, 
&C. — Smoke  and  its  Prevention — Instruments  used  in  Testing  Boilers — 
Marine  and  Locomotive  Boilers — Fuel  Testing  Stations — Discussion  of  the 
Trials  and  Conclusions — On  the  Choice  of  a  Boiler,  and  Testing  of  Land, 
Marine,  and  Locomotive  Boilers — Appendices — Bibliography — Index. 

IVith  PtcUes  illustrating  Progress  made  during  the  present  Century ^ 

and  the  best  Modem  Practice, 


*'  A  WORK  or  BBKBamrcB  at  PRssBirr  uniQink  Will  gtre  an  answer  to  almosl  any 
question  00  ineoted  with  the  performan.*e  of  boilers  that  It  i«  posaible  to  ask." — Eftqimur, 

**  Probably  the  most  xXHAuarnrs  ruumi  that  has  ev-'r  been  oollected.  A  pBAoncu. 
BOOK  by  a  thoroughly  praottcal  man.'*— /ron  and  Coal  Tradu  Review. 

LONDON :  CHARLES  fiRIFFIN  A  CO..  LIMITED,  EXETER  8TREET.  STRAW. 


|D  OHARLBa  OnimN  S  00,*8  PUBLIC ATIOJn. 

Second  Edition,  Revised.      Royal  8iv.      With  numirom  Ulustraiums  and 
13  Lithographic  PlaUt.      Hcmdsonu  ClotK     Priu  yu. 

BRIDGE-CONSTRUCTION 

<A  PRACTICAL  TREATISE  ON): 

Bting  ft  Text-Book  on  the  Conetraction  of  BridgeBin 

Iron  and  SteeL 

FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 
By  T.   CLAXTON    FIDLER,    M.  Inst.  C.E., 

ProC  of  Eagmettriai;,  Unirenity  CoUcfe,  Dundee. 


GENERAL   CONTENTS. 


Part  I,  —  Elementary  Statics: — Definitions— The  Opposition  and 
Balance  of  Forces — Bending  Strain — The  Graphic  Representation  of  Bending 
Moments. 

Part  II.— General  Principles  of  Bridge-Construction: — The 
Comparative  Anatomy  of  Bridges — Combined  or  Composite  Bridges — 
Theoretical  Weight  of  Bridges— On  Deflection,  or  the  Curve  of  a  Bended 
Girder — Continuous  Girders. 

Part  III. — The  Strength  of  Materials  :— Theoretical  Strength  of 
Columns — Design  and  Construction  of  Struts — Strength  and  Construction  of 
Ties — Working  Strength  of  Iron  and  ivteel,  and  the  Working  Stress  in 
Bridges — WohTer*s  Eicperiments. 

Part  IV. — The  design  of  Bridges  in  Detail:— The  Load  on 
Bridges — Calculation  of  Stresses  due  to  the  Movable  Load — Parallel  Girders — 
Direct  Calculation  of  the  Weight  of  Metal — Parabolic  Girders,  Polygonal 
Trusses,  and  Curved  Girders — Suspension  Bridges  and  Arches  :  Flexible 
Construction — Rigid  Construction — Bowstring  Girders  used  as  Arches  or  u 
Suspension  Bridges — Rigid  Arched  Ribs  or  Suspension  Ribs — Continuous 
Girders  and  Cantilever  Bridges — The  Niagara  Bridge — The  Forth  Bridge — 
Wind- Pressure  and  Wind-Bracing :  Modem  Experiments. 

"Mr.  FiDLSB's  8UOGE8S  arises  from  the  combination  of  sxpebisnoi  and 
•DIPLIOITT  OF  TREATMENT  displaced  on  every  page.  .  .  .  Theory  is  kept  in 
labordination  to  Practice,  and  hu  book  is,  therefore,  as  useful  to  girder-maken 
as  to  students  of  Bridge  Construction." —  The  Architect. 

'*  Of  late  years  the  American  treatises  on  Practical  and  Applied  Mechanics 
bare  taken  the  lead  .  .  .  since  the  opening  up  of  a  vast  continent  has 
given  the  American  engineer  a  number  of  new  bridge -problems  to  scire 
.  .  .  but  we  look  to  the  pbibbiit  Trsatisx  ok  BsiDOS-GoNSTBuenoN,  and 
the  Forth  Bridge,  to  bring  us  to  the  front  again  .''—.^n^^meir. 

*'  One  of  the  yxrt  best  bbobkt  works  on  the  Strength  of  Materials  and  its 
application  to  Bridge-Constmetion.  .  .  Well  repays  a  careful  Study.*'— 
Mnffmmrmg. 

**  An  iNDisPBNfiABLB  HANDBOOK  lor  the  practioal  Engineer."— JlToliirii. 
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Fourth  Edition.     Folio,  stronc^ly  half-bonndf  21/. 

TRAVERSE  TABLES: 

Computed  to  Four  Places  of  Deeimals  for  every  Hinute 
of  Angle  up  to  100  of  Distance. 

For  the  use  of  Surveyors  and  Engineers. 

BY 

RICHARD  LLOYD  GURDEN, 

Authorised  Snrveyor  for  the  GoTemmenti  of  New  South  Wales  mnd 

Victoria. 

\*  AtkUsAid  with  the  C^meurraue  pf  the  Surveyors- Gtmral  for  New  South 

WaUs  and  Victoria, 

*'Th<Me  w^  hacf  •spwicace  m  •jekcI  Suktst-wokk  will  best  know  how  10  appredate 
the  aMrmous  amouDt  of  labour  represented  by  this  Taluable  book.  The  computations 
cnaUe  tiM  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  and  this  nr  kxtbksncb  to  but  Onb  Tablb.  in  [dace  o(  the  usual  Fifteen 
minute  computations  required.  Thu  alone  is  eridence  of  the  assistsnce  which  the  Tables 
ensure  to  every  user,  aiid  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
assistance    pbw   knowing    of    thsir    publication   will   kbmain    without   thbm." 

— Epiginter* 


In  La/rgt  8w>,    With  Nuvmtoub  IllttatrcUiona,    Price  78.  6<L 

VALVES  AND  VALVE-GEARING: 

INCLUDING   THE   CORLISS   VALVE  AND 

TRIP  GEARS. 

BT 

CHARLES    HURST,   Practical   Draughtsman. 

**  CoBCiSB  explanations  Illustrated  by  115  vbbt  clbab  diaoeam«  and  drswings  and  4  foldint* 
plates    .    .    .    the  book  ftalllls  a  VALUABLB  function  "—^(AcMMM. 

"Mb.  Husst's  VALVB8  and  valtb-obarivo  will  prove  a  very  valuable  aid,  and  tend  to  the 
prodactionorRnglnesofsciBivnpic  DBBiGv  and  BCoiTOMicAL  woBEiBO.  .  .  .  Will  belaifeij 
soncht  after  by  Students  and  Desliniers."— JIf  ar<»«  An^iawr. 

'*  UsBFCL  and  thobodohlt  pbactical.  Will  undoubtedly  be  found  of  orbat  valdb  to 
all  eoneemed  with  tbe  design  of  Valve-gearing.**— i/«eAafiica/  World. 

"  Atanoet  BVBBT  ttpb  of  valvb  and  iu  gearing  is  clearly  set  forth,  and  Ulostrated  in 
Booh  a  way  as  to  be  bbadilt  umdbbstood  and  pkacticallt  APruBD  by  either  the  Engineer, 
Draughtsman,  or  Student  .  .  .  Should  prove  both  ubbtul  and  valuablb  to  all  Engtneera 
•aeklng  for  bbuablb  and  clbab  information  on  the  subject.  Its  moderate  price  brings  it 
within  the  reach  of  all  ^—Induttrin  an'f  Iron. 

**  Mr.  BuBST*8  work  Is  admibablt  salted  to  the  needs  of  the  praetlca]  mechanic.    .    .    . 
It  ia  f^ree  from  any  elaborate  theoretical  dlsoosBlono.  and  the  ezplanatlona  of  the  varkmB 
of  valve-gear  are  aooompanied  by  diagrams  wtiioh  render  them  basilt  iwdbbbtood.** 
I  Seitnlifk  Amerieoh. 
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WOBKS     BY 

ANDREW  JAMIESON,  M.Inst.C.R,  M.I.E.E.,  F.R.S.E.. 

Formtrly  PfmfMtmr  ^  EUcirieAl  Engimtrmt^  Tkt  Glasgvm  mud  Wui  0  SctiUmd 

Ttckmieal  C^iUgtt- 


PB0FE880B  JAMIBSON'S  ADYAMCED  MAHUALB. 

In  Latrgt  Crown  8ev.    F^y  JShutrtitid, 

1.  STEAM   AMD   STEAM-ENGINES  (A  Text-Book  on). 

For   the   Use  of   Students    preparing   for  Competitive   Examinations 
With  over  200  Illustrations,  Folding  Plates,  and  Examination  Papers.. 
Twelfth  Edition.    Revised  and  Enlarged,  S/6. 

''Professor  Jamieson  fissdiutM  the  reader  br  his  clkawcbss  oV  coMcamoN  am» 
PUCITY  or  BXPBBttiON.     His  treatment  recalls  the  lecturing  of  VvndM.j,**—'Ath€H4tum. 
*'  The  BssT  Book  yet  published  for  the  use  of  Students."— ir<ywM»r. 
"Undoubtedly  the  most  valuable  amd  most  complbtb  Hand-book  en  the  anhiert 
low  exists.  ** — AfMfWt  Sn^tHMr, 

2.  MAGNETISM  AND  ELECTBICITT  (An  Advanced  Text- 

Book  on).     Specially  arranged  for  Advanced  and  "  Honours  *'  Students.. 
By  Prof.  Jamieson,  assisted  by  David  Robertson,  Jr.,  B.Sc. 

Z.  APPLIED  MECHANICS  (An  Advanced  Text-Book  onV 

VoL  I. — Comprising  Part  I. :  The  Principle  of  Work  and  its  applica- 
tions; Part  II.:  Gearing.    Price  7s.  6d.     Third  Edition. 

"Fully  maintains  the  reputation  of  the  Author— more  we  cannot  wmf.'*^PfmeU 

Vol.  II. — Comprising  Parts  III.  to  VI. :  Motion  and  Energy;  Graphic 
Statics;  Strength  of  Materials;  Hydraulics  and  Hydraulic  Machinery. 
Second  Edition.    8s.  6d. 

"Well  and  lucidly  writtkn."— rA*  Engineer. 

PROFESSOR  JAMIESON'S  INTRODUCTORT  MANUALS. 

With  numerous  lUlustroHom  and  Examination  Papers, 

1.  STEAM  AND  THE  STEAM-ENGINE  (Elementary  Tezt- 

Book  on).     For  First- Year  Students.     Sixth  Edition.     3/6. 
"  Quite  the  kight  sort  op  woox..*'— Engineer. 
"  Sooold  be  in  the  hands  of  bvxxt  eofineering  apprentice.** — PraeHeeLl  Engineer. 

2.  MAGNETISM  AND  ELECTRICITY  (Elementary  Text^ 

Book  on).     For  First-Year  Students.     Fourth  Edition.    3/6. 

**  A  capital  TsacT-BOOK  .  .  .  The  diagranu  are  an  important  feature. "-^r4<w/w»erf#r. 

''A  THOROUGHLY  TRUSTWORTHY  Text-book.  .  .  .  Ammgement  as  good  as  wdl 
can  be.  .  .  .  Diagrams  are  also  excellent  .  .  .  The  subject  throughout  treated  aa  aa 
ewsiriilly  practical  one,  and  rery  clear  instructions  given.*' — Nature. 

Z.  APPLIED  MECHANICS  (Elementary  Text-Book  on). 

Specially  arranged  for  First- Year  Students.    Third  Edition,  Revised 
and  Enlai^ed.     3/6. 

'*  Nothing  is  taken  for  granted.  .  .  .  The  work  has  ysry  high  QUALrmt,  whidi 
may  be  condensed  into  the  one  word  'clrar.'" — Science  and  Art. 

A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 
Pocket  Size.     Leather,  8s.  6d.      Thirteenth  EdiHon,      Seep.  43. 
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Third  fiDirion.     VeryfvUy  lUustraUd,    Cloth,  it.  M, 

STEAM  -  BOILERS: 

THUR   DXFSCTS,    MAKAO£MSMT»    AND    GONSTBUOTION. 

B5    R.    D.    MUNRO, 

Chi^  Engineer  of  the  Scottish  Boiler  Inturanee  and  Engine  Inspection  Companj, 

General  Contents. — I.  Explosions  caused  (x)  by  Overheating  of 
Plates*- (2)  Bj  Defective  and  Overloaded  Safety  Valves— (3)  By  Corrosion, 
Internal  or  External— (4)  By  Defective  Design  and  Construction  (Unsup- 
ported Flue  Tubes ;  Unstrengthened  Manholes ;  Defective  Stajring  ;  Strength 
of  Rivetted  Joints ;  Factor  of  Safety)— II.  Construction  of  Vertical 
Boilers  :  Shells — Crown  Plates  and  Uptake  Tubes — Man- Holes,  Mud- 
Holes,  and  Fire-Holes— Fireboxes — Mountings — Management — Cleaning — 
Table  of  Bursting  Pressures  of  Steel  Boilers — ^Table  of  Rivetted  Joints^- 
Specifications  and  Drawings  of  Lancashire  Boiler  for  Working  Pressures  (a) 
So  lbs. ;  {d)  aoo  lbs.  per  square  inch  respectively. 

Thia  work  oontains  information  of  the  first  importance  to  every  user  of 
Steuu-power.  It  is  a  practical  work  written  for  practical  men,  the 
iMUguage  and  rales  being  thioughoat  of  the  simplest  natore. 

*' A  valuable  companion  for  workmen  and  engineers  engaged  about  Steam 
Boilen,  ought  to  be  oarefolly  studied,  and  always  at  hand."— Co^  Ouardiam, 

The  book  is  ybbt  itseivl,  especially  to  steam  users,  artisans,  and 


young  engineers."— 


Br  THE  SAME  Author. 

KITCHEN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Prevent  their  Occurrence.  A  Practical  Hand- 
book based  on  Actual  Experiment.  With  Diagrams  and  Coloured  Plate, 
Price  3s. 


NYSTROMS  POCKET-BOOK  OF  MECHANICS 

AND  ENGINEERING.  Revised  and  Corrected  by  W.  Dennis  Marks, 
Ph.B.,  C.E.  (YALE  S.S.S.),  Whitney  Professor  of  Dynamical  EngineeriBg, 
University  of  Pennsylvania.  Pocket  Sise.  Leather,  !$•.  Twenty- 
first  Edition,  Revised  and  greatly  enlarged. 
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Large  8vo.,  Handsome  Cloth.     With  nmnerouB  Platei  reduced  from 
Working  Drawings  and  280  Illastrations  in  the  Text.     21b. 

A     MANUAL     OF 

LOCOMOTIVE    ENGINEERINGS 

A  Praetlcal  Text-Book  for  the  Use  of  Ensrine  Buildeps, 

Designers  and  Draughtsmen,  Railway 

Engineers,  and  Students. 

BY 

WILLIAM  FRANK  PETTIGREW,  M.Inst.C.E. 

With  a  Seotion  on  Amerioan  and  Continental  Engines. 

By  albert  p.   RAVENSHEAR,   B.Sc, 

Of  Her  Majesty's  Patent  Office. 

CM^oiit.  —  Historical  Introdnction,  1763- 18C8.  —  Modern  LooomotlTes  :  Simple.— 
Modem  £x>comotlTes:  Compound.  Primary  ConaideraUon  in  LocomotiTe  Des^pi.— 
Cylinders,  Steam  Ohests,  and  Stuffing  Boxes.— Pistons,  Piston  Bods,  Grossbeads.  and 
Slide  Bars.— Connecting  and  ConplinK  Bods.— Wneels  and  Axles,  Axle  Boxes,  Hombloeka, 
Md  Bearing  Springs.— Balancing.— Valve  Gear.— Slide  ValTos  and  Valye  Oear  Details.— 
Framing,  Bogies  and  Axle  Trucks,  Badial  Axle  Boxes.— Boilers.— Smokebox.  Blast  Pipei, 
Firebox  Fittings.— Boiler  Mountings.— Tenders. -Bail wuy  Braken.- Lubrication.- Con- 
sumption of  FneU  ETaporatlon  and  £ns;ine  efficiency.- American  LooomotiTes.— Con- 
tinental LooomotiTea.— Bepalrs,  Bunning,  Inspection,  and  Benewals.— Three  Appendices. 
—Index 


it 


We  recommend  the  book  as  thorooghlt  pRicncAL  in  Its  character,  and  mxritimo  ▲ 
rLACB  IN  AKT  OOLLSCTION  Of   .    .    .    works  on  Locomotive  Engineering."- Aatf/iwy  Nmn, 

*'The  work  cortaiks  all  that  can  bs  lsarmt  from  a  book  upon  such  a  subject    It 
will  at  once  rank  as  thb  stahoakd  wobx  upon  this  dcpoetant  subjbot."— Aatf/way  lf«^a«to<. 


Large  Crown  8vo.     With  nnmeroiifl  Illustrationi.     68. 

ENGINE-ROOM    PRACTICE; 

A  Handbook  for  Engineers  and  Offleers  In  the  Royal  Navy 

and  Mercantile  Marine,  Including  the  Management 

of  the  Main  and  Auxiliary  Engines  on 

Board  Ship. 

By    JOHN    G.    LIVERSIDGE, 

Bngineer,  B.N.,  A.M.I.C.B.,  Instrootor  in  Applied  Mechanics  at  the  Boyal  Naval 

College,  Greenwich. 

CSim<<ii(«.— General  Description  of  Marine  Machinery.— The  Conditions  of  Service  and 
Duties  of  Engineers  of  the  Boyal  Navy.— Entry  and  Conditions  of  Service  of  Engineers  of 
the  Leading  8.S.  Companies.— Baising  Steam— Duties  of  a  Steaming  Watch  on  Engines 

and  Boilers.— Shutting  off  Steam.— Harbour  Duties  and  Watches Adjustments  and 

Bepalrs  of  Engines.- Preservation  and  Bepairs  of  "Tank"  Boilers.-The  Hull  and  it« 
Fittings.— Cleaning  and  Painting  Machinery  — BedprocaUng  Pumps,  Feed  Heaters,  and 
Automatic  Feed -Water  Begulatora  —  Evaporators.  —  Steam  Boats.  —  Electric  L^ht 
Machinery.— Hydraulic  Machinery.— Air-Compressing  Pumps.— Befrigerating  Machines. 
—Machinery  of  Destroyers.- The  Management  of  Water- Tube  Boilers.— Beffulations  for 
Entry  of  Assistant  Engineers,  B.N.— Questions  given  in  Examinations  for  Promotion  of 
Engineers,  B.K.— Begulations  respecting  Board  of  Trade  Examinations  for  Engineers,  4ko.' 

^«  The  contents  gaknot  jtail  to  bb  apfbbciatbd.'*— 7%e  mmnuhip. 

"  This  VBBT  nsKviTL  BOOK.  .  .  .  Illubtbations  are  or  orbat  imfobtancb  in  a  work 
of  this  kind,  and  it  is  natisfaetory  to  find  that  spxcxal  attkktiok  has  been  given  in  this 
respect."— JSInyifiMTf'  Oatettt. 

LONDON :  0HARLE8  ORIFFIN  *  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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WORKS     BY 

W.  J.  HAGQDORN  RANKINE,  LLD.,  F.R.S., 

Lat9  R9glu9  Frof—»or  of  OhU  engineering  in  the  Uniwntty  of  BioMgom. 

THOSOUOHLT  REVISED  BT 

•W.     J.     MILLAE,     C.E., 

Lato  Sooretary  to  t/io  Inatttuto  of  Engin—n  and  Stiipbuiidon  in  Sootiand, 


I.  A  MANUAL  OF  APPLIED  MECHANICS : 

GompriBing  the  Principles  of  Statics  and  Cinematics,  and  Theory  of 
Structures,  Mechanism,  and  Machines.  With  Numerous  Diagrams. 
Crown  8vo,  cloth,  12b.  6d.     Fifteenth  Edition. 


U.  A  MANUAL  OF  CIVIL  ENGINEERING : 

Comprising  Engineering  Surveys,  Earthwork,  Foundations,  Masonry,  Car> 
pentry.  Metal  Work,  Koads,  Railways,  Canals,  Rivers,  Waterworks* 
Harbours,  &c.  With  Numerous  Tables  and  Illustrations.  Crown  8vo» 
cloth,  16s.    Twentieth  Edition. 


IIL  A  MANUAL  OF  MACHINERY  AND  MILLWORK : 

Comprising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  Illustrated  with  nearly  900  Woodcuts* 
Crown  8vo,  cloth,  12s.  6d.    Seventh  Edition. 


lY.  A  MANUAL  OF  THE  STEAM-ENGINE  AND  OTHER 

PRIME  MOVERS : 

With  a  Section  on  Oas,  Oil,  and  Am  Engines.  «  ^By  Bbtak  Donxin» 
M.lDStC.E.  With  Folding  Plates  and  Numerous  Illustrations. 
Crown  8vo,  cloth,  12s.  6d.    Fourteenth  Edition. 

LONDON:  CHARLES  QRIFFiN  A  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


ji  OBAMLM  0BIFFIM  S  CfO.'M  FUMUQATIOMB. 

pROr.  Rankinb's  yfova-^CtnHmmid), 

V.  USEFUL  RULES  AND  TABLES : 

J'or  Arohiteots,  Bnilden,  Enginedrs,  Founders,  Meohftniot,  Shipbuilderm, 
Snrveyon,  fto.  With  Appendix  for  the  use  of  Elbgttrioal  Enoikxsbs. 
By  Professor  Jamikson,  F.11.S.E.    Sevknth  Edition.     lOs.  6d. 


VL  A  MECHANICAL  TEXT-BOOK : 

A  Practical  and  Simple  Introduction  to  the  Study  of  MechMiios.  By 
Professor  Rakkine  and  E.  F.  Bambeb,  C.E.  With  Knmerons  Dlus- 
trations.    Crown  Svo,  cloth,  9s.     Fourth  Edition. 

*«*  Th$  **  Mkoharioal  Tkxt-Book  "  iMM  dmign^  by  Vtottmot  JLunm  m  «i  U 
•ocxioa  to  the  abovt  Serits  of  MmnuaU. 


VIL  MISCELLANEOUS  SCIENTIFIC  PAPERS. 

Royal  8to.    Cloth,  31s.  6d. 

Part  I.  Papers  relating  to  Temperature,  Elasticity,  and  Expansion  of 
Vapours,  Liquids,  and  Solids.  Part  II.  Papers  on  Energy  and  its  Trans- 
formations.    Part  III.  Papers  on  Ware-Forms,  Propulsion  of  Vessels,  &c. 

With  Memoir  by  Professor  Tait,  M..A.  Edited  by  W.  J.  Millab,  C.E. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams. 

"  No  more  endurinc  Memorial  of  ProfeMor  Rjmkine  could  be  dcviaed  than  the  pabliea- 
Hoa  of  thew  papers  in  an  accessible  form.  .  .  .  The  Collection  is  most  valuable  <m 
■eoouat  of  the  nature  of  his  discoreriea,  and  the  beaiity^  and  oomplctenets  of  his  analysis. 
.  .  .  The  Volume  exceeds  in  importance  any  work  m  the  same  department  published 
in  ov  ^uk;'*—ArtA$toci. 


S HELTON-BEY  <W.  Vincent,  Foreman  to  the 

Imperial  Ottoman  Gun  Factories,  Constantinople) : 


THE   MECHANIC'S   GUIDE:   A  Hand-Book  for  Engineers 
Axtisans.    With  Copious  Tables  and  Valuable  Recipes  for  Practical  Usot 
Ulostrated.     See^md  ESUkn,    Crown  8to.     Cloth,  7/6. 

LONDON :  CHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETER  STREET,  eTRAMO. 
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SSOOJfD  EDITIOJi,   Revised  and  Enlarged. 
In  Large  8vo,  Hansoms  oloth,  S49. 

HYDRAULIC  POWER 


AND 


HYDRAULIC  MACHINERY. 

BT 

HENRY    ROBINSON,    M.   Inst.  C.E,  F.G.S., 

wuuLom  or  KntcTs  collbcb,  lomdon  ;  rnor.  or  cxwiu  ■NGimMUico. 


KINGS  COLLBOB,  STC,  BTC 

imitb  numetottf  Tnioodcttt0»  ant)  SfttiMiine  platen 


GsNKRAL  Contents. 

Discharge  through  Orifices  >- Gauging  Water  by  Weirs — Flow  of  Water 
through  Pipes — The  Accumulator — The  Flow  of  Solids— Hydraulic  Presses 
and  Lifts — Cyclone  Hydraulic  Baling  Press — Anderton  Hydraulic  Lift — 
Hydraulic  Hoists  (Lifls) — The  Otis  Elevator — Mersey  Railway  Lifts — City 
and  South  London  Railway  Lifts — North  Hudson  County  Railway  Elevator — 
Lifts  for  Subways—- Hydraulic  Ram — Pearsall's  Hydraulic  Engine — Pumpinf- 
Engines — Three-Cylinder  Engines — Brotherhood  Enmne — Rigg's  Hydnohc 
Engine — Hydraulic  Capstans — Hydraulic  Traversers^-^ovable  Jigger  Hoist — 
Hydraulic  Wagg[on  Drop — Hydraulic  Jack — Duckham's  Weighing  Machine— 
Shop  Tools—Tweddell  s  Hydraulic  Rivetter — Hydraulic  Jo^ling  Press — 
Tweddell's  Punching  and  Shearing  Machine — Flanging  Machine — Hydraulic 
Centre  Crane — ^Wrightson's  Balance  Crane— Hydraulic  Power  at  the  Forth 
Bridge — Cranes — Hydraulic  Coal-Discharging  Machines — Hydraulic  Drill — 
Hydimulic  Manhole  Cutter — H^raulic  Drill  at  St.  Gothard  Tunnel — Motors 
with  Variable  Power — Hydraulic  Machinery  on  Board  Ship — Hydraulic  Points 
•ad  Crossings — ^Hydraulic  Pile  Driver — Hydraulic  Pile  Screwing  Apparatus — 
Hydraulic  Excavator— BalPs  Pump  Dredger — Hydraulic  Power  applied  to 
Bridges — Dock -gate  Machinery — Hydraulic  Brake — Hydraulic  Power  applied 
to  Gunnery — Centrifugal  Pumps — Water  Wheels — Turbines— Jet  Propulsion — 
The  Gerard-Barr^  H^^lraulic  Railway— Oreathead's  Injector  Hydrant— Snell's 
Hydraulic  Transport  System — Greathead's  Shield — Grain  Elevator  at  Frank> 
fort — Packing — Power  Co-operation — Hull  Hydraulic  Power  Company— 
London  Hydraulic  Power  Company — Birmingham  Hydraulic  Power  System 
— Niagara  Falls — Cost  of  Hydraulic  Power — Meters — SchOnheyder's  Pressure 
Regulator — Deacon's  Waste- Water  Meter. 

"  A  B«ok  of  gnat  .Proiiwinnal  UtefulnMi."— /rvn. 

%*  The  8aooiR»  Eomov  of  the  above  Important  work  haa  been  thoronchly  revleed  end 
bronc^t  i>P  ^  ^^-  ^*°Z  °*^  fall-fMne  Pletee  have  been  added— the  nunbar  botng 
tnoreeeed  from  4S  in  the  First  Edition  to  #9  in  the  pretent. 
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Hof/at  890,  HaiMltomt  Ctotk,  269. 

THE    STABILITY    OF    SHIPS. 

BY 

SIR  EDWARD  J.   REED,   K-C.B.,   F.R.S.,   M.P., 

CMMMIT  OP    THS    IltPBRIAL    ORDBHS    OP    ST.    STANILAU8    OP    KU8SIA ;    PKAIfCIS    JOIBPH    OP 

AUSTRIA  ;    MBDJIDIB    OP    TURKKV ;    AND    RISING   SUN    OP    JAPAN  \    VIC»- 

PRBSIDKNT  OP  TRB  INSTITUTION  OP  NAVAL  ARCHITSCTS. 

iVttk  Humifrous  niustrtUions  ana  Tables, 

This  work  hRS  been  written  for  the  purpose  of  placing  in  the  hands  of  Naval  Constnicton, 
Shipbuilders,  Officers  of  the  Royal  and  Mercantue  Marines,  and  all  Students  of  Naval  Science, 
a  complete  TVcastise  upon  the  Stability  of  Ships,  and  u  the  only  work  in  the  Englbh 
Language  dealing  exhaustively  with  the  subject. 

In  order  to  render  the  work  complete  for  the  purposes  of  the  Shipbuilder,  whether  at 
ham*  or  abroad,  the  Methods  of  Calculation  introduced  by  Mr.  F.  K.  Barnbs.  Mr.  Gray, 
M.  Rbbch,  M.  Davmard,  and  Mr.  Bbnjamin,  are  all  given  separately,  illustrated  \ff 
Tables  and  woriced-out  examples.  The  book  contains  more  than  soo  Diagrams,  and  is 
iUustrated  by  a  large  number  of  actual  cases,  derived  firom  ships  of  all  descriptiaiis,  but 
especially  from  ships  of  the  Mercantile  Marine. 

The  work  will  thus  be  found  to  constitute  the  most  oomprehensiTe  and  exhaustive 
hithertQ  presented  to  the  Profession  on  the  Science  of  the  Stability  op  Ships. 


"  Sir  Edward  Rbbd's  '  Stability  op  Ships  '  is  inyaluablb.  In  it  the  Studbnt.  new 
10  the  subject,  will  find  the  path  prepared  for  him,  and  all  difficulties  explained  witk  th« 
olBost  care  and  accuracT^ ;  the  Ship-draughtsman  will  find  all  the  methods  of  calculation  at 
prssent  in  use  folly  expfamed  and  illustrated,  and  accompanied  by  the  Tables  and  Poms 
eaupk>yed ;  the  Shitownbr  will  find  the  variations  in  the  Stability  of  Ships  due  to  differences 
in  nrms  and  dimensions  foUy  discussed,  and  the  devices  by  which  the  state  of  his  ships  under 
all  conditions  may  be  grai>hically  represented  and  easily  understood ;  the  Naval  Architbct 
wiU  find  brought  togeuier  and  readv  to  his  hand,  a  mass  of  information  which  he  would  othei^ 
wise  have  to  seek  in  an  almost  encUcss  variety  of  publications,  and  some  of  whidi  he  would 
possibly  not  be  able  to  obtain  at  all  elsewhere.**— 'S^ramxAt/. 

"This  important  and  VALUABLB  WORK  .  .  .  csnnot  be  too  highly  rrcommended  to 
an  oooaected  with  shipping  interests." — Inm. 

**  TUs  VBRY  IMPORTANT  TRBATISB,     ...     the  MOST  INTBLUGIBLB,  INSTRUCnY^  RBd 

€OiiPLBTB  that  has  ever  appeared.** — Nature. 

"The  volume  is  an  bssbntial  onb  for  the  shipbuilding  profussion  **-» Wg9/mmuiet 
RtvUw. 


COMPANION-lTtrORK. 


THE  DESIGN  AND  CONSTRUCTION  OF  SHIPS. 

By  JOHN   HARVARD   BILES,   M.Inst.N.A., 

Professor  of  Naval  Architecture  in  the  University  of  Glasgow. 

In  Preparation, 

LONDON :  CHARLES  GRIFFIN  A  CO..  LIMITED.  EXETER  STREET,  STRAND. 
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FouptMiiith  Bdltlon,  Revtaed*     Pvla*  ZU^ 

/)fmy  8P0t   ClotK.      With  Ntuneratu  lUusiroUiom,  reditced  frvm 

Working  Drawings, 

A    MANUAL    OF 

MARINE   ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.  E.  SEAT  ON,  H.In8LC.E.,  H.  Inst.  Meeh.  Em 

MJnst.N.A. 


GKNKRAL     CONTENTS. 


Part  L— Prlneiples  of  Marine 
Propulsion. 

Part  XL— Principles  of  Steam 
Engineering. 

Part  III.->Details  of  Marine 
Engines:  Design  and  Cai- 

*•*  This  Edition  include  a  Chapter  on   Watbk-Tubb  Boilkh».  with  Illustra- 

»d 


eolations  for  Cylinders, 
Pistons,  Valyes,  Expansion 
Valves,  kc 

Part  IV.— Propellers. 

Part   v.— Boilers. 

Part  VI.— Miscellaneous. 


tioDS  of  the  leading  Types  and  the  Revised  Rules  of  the  Bureau  Ftriiai. 


«« 


'  In  the  three-fold  oapaoitjr  of  enabhng  a  Student  to  learn  how  to  design,  oonstruot, 
and  work  a  Marine  Steam- Engine.  Mr.  Seaton's  Manual  has  no  bital.*'— TYmss. 

"The  important  subject  of  Marine  Engineering  is  here  treated  with  the  thorough- 
nwn  that  it  reauires.  No  department  has  escaped  attention.  .  .  .  Gives  the 
results  of  mucb  dose  study  and  practical  "mork.'^—snainetring. 

**  By  fsr  the  bbbt  Manual  in  eusience.  .  .  .  Gives  a  complete  aooonnt  of  the 
methods  of  solving,  with  the  utmost  possible  economy,  the  problems  before  the  Marine 
Engineer. "— JM«iKBMm. 

''The  Student,  Draughtsman,  and  EngioMT  will  find  this  work  the  MOOT  taluablb 
Handbook  <A  Reference  on  the  Marine  Engine  now  in  existence."— Martns  Enait 


Fifth  Edition,  Thoroughly  Revised.     With  two  New  Diagrams  and 
Numerous  Additions.     Pocket-Size,  Leather.     Ss.  M« 

A  POCKET-BOOK   OF 

MARINE  ENGINEERING  RULES  AND  TABLES, 

FOR  THS  USB  OF 

Marine  Engineers,  Naval  Architects,  Designers,  Draughtsmen. 

Superintendents  and  Others. 

BY 

A.  R  SEAT  ON,  M.I.O.E.,  M.I.Mech.E.,  M.I.N.  A., 

AND 

H.  M.  ROUNTHWAITE,  M.LMech.E.,  M.I.N.A. 

"Admirably  fulfils  iu  purpose."— Jf«rM#  Bngifutr. 

LONDON :  CHARLES  QRIFFIN  «  CO.,  LIMITED,  EXETER  STREET.  STRAND. 
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40  OBAMLm  GEimir  S  OO.'S  PUBUOATlOm. 

WORKS  BT  PROF.  ROBERT  H.  SMITH,  Assoc.M.I.C.E., 

M.LU.E.,  U.I.E3.E.,  H.LIUD.K,  Whli  86h.,  UOnlUelJL 


THE     CALCULUS    FCR     ENGINEERS 

AND    PHYSICISTS, 
Applied  to  Teehnieal  Problems. 

WITH  XXTENSIVB 

OliASBIFIED  HSFSBSNCJfS  LIST  OF  IKTSaBAIiS. 
By  PROP.  ROBERT  H.  SMITH. 

ASSISTED  BT 

R    F.    MHIRHEAD,    M.A.,    B.Sa, 

ii*onn«rly  Olark  Follow  of  Glaagow  Univertlty,  and  Lecturer  on  Mathematiot  ei 

Maaon  College. 

In  Crown  8vo,  extrck^  with  Ihagram»  and  Folding- Plate,     ds.  6dL 

"  PsoF.  R.  H.  Smith's  book  will  be  serrfoeable  in  rendering  a  bard  road  ab  basT  ab  pkaotic- 
ABU  for  the  non-nMthematical  Student  and  Engineer."— ^tJkctuntm. 

"  Intereftting  diaRraroa,  with  practical  illustrations  of  actual  occurrence,  are  to  be  found  here 
in  abuBdanoa.  TBb  vbbt  complbtb  olabsifixd  kxibbbrcx  tabls  will  proTe  very  uaeftl  in 
saying  the  time  of  those  who  want  an  Integral  in  a  hurry."— The  Enoineer. 


MEASUREMENT    CONVERSIONS 

(English    and    Frenoh) : 

28   GRAPHIC   TABLES    OB   DIAGRAMS. 

Showing  ftt  a  glance  the  Mutual  Convbbsion  of  Mbasurbmxntb 

in   DiFFEKBNT  UnITS 

Of  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  Quantities 
of  Work,  Horse  Powers,  Temperatures,  dbo. 

For  the  use  of  Engineers,  Surveyors,  Architects,  and  Contractors. 
In  4to,  Boards.      7b.  6d. 


*«*  Prof.  Smith's  Conyersion-Tablbb  form  the  most  unique  and  oom- 
prehensive  collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calculation 
diminished.  It  is  believed  that  henceforth  no  Engineer's  Office  will  be 
considered  complete  without  them. 

"  The  work  is  iBTALUABLB."->C7ot{i«ry  Ovardtan. 

"  Ought  to  be  in  btbrt  ofBce  where  rren  occasional  oonrersions  are  required.  .  .  .  Prof. 
Smith's  Tablbs  form  very  bxcblibbt  chbckb  on  resulta."— JKlectricol  IUvi€w. 

"  Prof.  Smith  deserves  the  hearty  thanks,  not  only  of  the  Evoibbbb,  but  of  the  Commbbciak 
WoBLD,  for  harinir  smoothed  the  way  for  the  adoption  of  the  Hbtbic  Stbtiv  of  MBABUBBMBBf, 
a  Bubject  which  is  now  assuming  great  importance  aa  a  factor  in  maintaining  our  hold  upon 
tOBBieir  TBAUB."— Tka  Maehinery  Mariut. 

LONDON :  CHARLES  GRIFFIN  &  GO^  LIMITED,  EXETER  STREcT,  STRAND, 
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In  Large  %vo.    Handsome  Cloth,     With  Plates  and  Illustrations,    16s, 

AT  HOME  AND  ABROAD. 

By   WILLIAM   HENRY   OOLE,   M.Inst.O.E., 

Late  Depaty-Manai^r,  North-Western  Railway,  India. 

Cofi^en^.— Discussion  of  the  Term  "Li^bt  Railways.'^— English  Railways, 
Rates,  and  Farmers.  — Light  Railways  m  Belgium,  France,  Italv,  other 
European  Countries,  America  and  the  Colonies,  India,  Ireland.— Road  Trans- 
port as  an  alternative.— The  Light  Railwajrs  Act,  1890.— The  Question  of 
•(rauge. — Construction  and  Working. — Locumotives  and  Rolling-Stock. — Light 
Railways  in  England,  Scotland,  and  Wales. — Appendices  and  Index. 

"Mr.  W.  H.  Oole  has  broaght  together  ...  a  labos  akodiit  of  taldablb  uvosma- 
TTOK    .    .    .    hitherto  practically  inaccessible  to  the  ordinary  reader."— r<m««. 

"  Thsbb  oocld  be  no  bkttkx  book  of  flrat  reference  on  its  sabject.  All  classes  of 
Engineers  will  welcome  its  appearance.  '-—SevUnutn. 


Tbisd  RDinoH.  Rewiud  an4  BnUtrgti,    Podut-aif,  Uathtr^  12«.  6d.;  oilM  Larger  SiM/mr 

0Jle4  Use,  Cloth,  13«.  «d. 

Boilers,  Marine  and  Land: 

THEIR  CONSTRUCTION  AND  STRENGTH. 

A    JBUlTDBOOK   OF    RULIS,    FoSMULiC,   TaBLBS,   kO,,   BBLATIYI   TO   MaTKBIAIii 
SOANTLEKOB,  AKD  PKBSSUKSS,   SaTETT  VaLTIS,  SnUKOfl, 

Fittings  and  MomrToros,  4o. 

FOR  THE  USE  OF  ENGINEERS,  SURVEYORS,  BOILEH-MAKERS, 

AND  STEAM  USERS. 

Bt  T.  W.   TRAILL,   M.Inst.O.E.,   F.KRN., 

Late  KnclBeer  Sarrejorwtai-Ohief  to  the  Board  of  Trade. 


«  • 


»*  To  THB  Second  and  Third  Editions  many  Nbw  Tables  for  Prububbs 
up  to  200  Lbs.  per  Squabb  Inch  have  been  added. 


**Thi  most  TALCABLi  WOES  on  Boilon  pablfaihed  in  Bnffla&d."— SMjipAKi  World. 

"OoBftalu  an  Bboemoub  QuuniTT  of  IirvomifAnoi  arranged  in  a  Teiy  ooaTenieot  form.   . 
A  MOflT  VKKWVi  TO10U    .    .    .    wunAjing  inforoiatlon  to  be  liad  nowhere  elae."— TIU  Engimer. 

LONDON:  CHARLES  GRIFFIN  «  CO..  IIMITED,  EXETER  STREET.  STRAND. 
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In  Orown  Svo^  eaetra,  unth  Numerotu  lUtutrcUiaru,     [SJaortly., 

GAS    AND   OIL    ENGINES; 

AN  INTRODUGTOBT   TEXT-BOOK 

On  the  Theory,  Design,  Constrnction,  and  Testing  of  Internal 

Combustion  Engines  without  Boiler. 

FOR  THE   UEUB   OF   STUDENTS. 

BY 

Prop.  W.  H.  WATKINSON,  Whit.  Sch.,  M.Inst.MibohJL,. 

OlMffow  and  West  of  Soothuid  Technical  College. 


Engineering  Drawing  and  Design 

(A    TEXTBOOK    OF). 
Second  Edition.     In  Two  Parts,  Published  Separately. 

Vol.  I. — Practical  Geometry,  Plane,  and  Solid.     Ss. 

Vol.  II. — Machine  and  Engine  Drawing  and  Design.   48.  6d* 

BY 

SIDNEY  H.   WELLS,    Wh.Sc, 

▲.M.IHBT.C.B.,  A.II.IV8T.1IBCH.B., 

Prlndpal  of  the  Bftttersea  Polytechnle  InaUtute,  and  Head  of  the  Engineerins  Department 

therein ;  formerly  of  Uie  Engineerinsr  Departmenta  of  the  Torkahire  College, 

Leeds ;  and  Dulwlch  College,  London. 

WUh  many  lUustrcUionSf  specially  prepared  for  the  Work,  and  numcroif» 
£xample8,/or  the  Uee  of  Students  in  Technical  Schools  and  Colleges, 

'*  A  THOBOUOHLT  VEWVL  WOKS,  exceedingly  well  written.    For  the  manj  Ezamplea  and 
Qneetioni  we  hare  nothing  but  praiae."— Mature. 


"A  CAPITAL  TBZTBOOK,  arranged  on  an  xzciluht  ststui.  calonlated  to  glrean  intelligent 
naip  of  the  sabject,  and  not  the  mere  faculty  of  mechanical  copying.  .  .  .  Mr.  Wella  ahowa 
how  to  make  complbtx  woekiho-d&awihos,  oiscniiaing  ftilly  each  atep  in  the  dealgn."— fleelrfaal' 
lUview. 

'*  The  firat  book  leada  basilt  and  katurallt  towards  the  second,  where  the  technleal  pupil 
la  brought  into  contact  with  large  and  more  complex  deaigna."— Tfc«  ScnodmaaUr. 

LONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAND. 
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MUNBO  k  JAMIESON'8  ELECTRICAL  POCKET-BOOK, 
Thirteenth  Edition,  Revised  and  EnUiged. 

A  POCKET-BOOK 

OF 

ELECTRICAL   RULES   &  TABLES 

FOR  THE  USE  OF  BLSCTRICIASS  AND  SNGINBERS. 

By  JOHN  MUNRO,  C.E.,  &  Prop.  JAMIESON,  BCInst.C.E.,  F.R.S.& 
With  Numerous  Diagrams.     Pocket  Size.     Leather,  Ss.  6d. 

OXNBRAL      OONTBNT8. 


Units  op  Mbasurbmknt. 
Mkasurbs. 

Testing. 


Elsctro-Mbtalluroy. 

Batteries. 

Dynamos  and  Motors. 


Conductors.  i       Transformers. 

Dielectrics.  i       Electric  Lighting. 

Submarine  Cables.  i       Miscellaneous. 
Telegraphy.  Logarithms. 

Elbctro-Chemistry.  Appendices. 


If  ■ 


WcMDBKFUiXY  PsBrscT.     .    .     .     Worthy  of  the  highest  cominenHeooa  we  am 
give  it." — JtiUctrician, 

"Ihe  SmtuNG   Vajlvb   of  Meein.    Munko  and  Jamibson's   PoauT-Bo<ME.''— 


Electrical  HeasDrements  &  Instniments. 

A  Praotioal  Hand-book  of  Testing  for  the  Electrical 

Engineer. 

By    CHARLES    H.    TEAMAN, 

Anoe.  Inet  KB.,  formerly  Kleetrlcal  Bngtneer  to  the  CorpormUon  of  LlrerpooL 

[/if  jPr^anUion, 

Second  Edition,  85.  6d.     Leather,  for  the  Pocket,  8s.  6d. 

GRIFFIN'S  ELECTRICAL  PRICE-BOOK. 

For  Eleetrieal,  ClviL  Marine,  and  Borousrh  Engineers.  Loeal 
Authorities,  Architects,  fiailway  Contraetors»  fte.,  Ac 

Edited  by   H.   J.   DOWSING, 

Memhtr^ftkt  InxHtution  o/BliCirical  Engmetrt;  0/tkg  Society  t/Artt;  ^tkt  Ltmdtm 

CkarrUtr  §fCommurctt  4«c. 

"  The  Elsctiiical  Pricb-Book  xsuotss  all  mtstbky  ahout  the  cost  of  Electrical 
Power.  By  its  aid  the  bxpbnsb  that  will  be  entailed  by  utilising  electricity  on  a  bunco  m 
smell  scale  can  be  discoTered.'*— 44n:4//Ar/. 

"  The  Talue  of  this  Electrical  Price-Book  CANNOT  BB  OTBK-BSTIMATBD.  .  .  .  WBl 
eare  tioM  and  trouble  both  to  the  engineer  and  the  business  xaaxk,^  —MackiiuTy. 

LONDON :  CHARLES  6RIFFIN  a  CO.,  LIMITED,  EXETER  STREET.  STRAND. 
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By  PROFESSORS  J.  H.  POYNTIWa  k  J.  J,  THOMSON. 

In  Large  Svo.     Fully  lUuBtrated. 

A  TEXT-BOOK  OF    PHYSICS: 

COMFIOSINO 

PROPERTIES  OF  MATTER;  SOUND;  HEAT;  MAGNETISM 
AND  ELEOTRIOITT;    AND  LIGHT. 

BT 

J.  H.  POTNTING,  J.  J.  THOMSON. 

8C.D.t  r.E.B.t  AND  !!.▲.«  f.&.S.t 

Lftto  Fellow  of  Tiinltj  Collefe,  Cambrldce;  Fellow  of  Trinltj  CoIIflse.  Oambridce;  Pr»L 

FrofeMor  of  PhTeics,  Mmod  OoUege,  of  BxperimenUl  Phjaios  in  the  UnlTentty 

SJroinirham.  of  Oambridjte. 


Volaoie  L,  Now  Ready,  Price  88.  6d. 

SOUND. 

ContenU.—The  Natare  of  Soand  and  its  chief  Cbaraoterf sties.— The  Velocity  of  Soond 
in  Air  and  other  Media.— Refl  cion  and  Befraction  of  Soond. —Frequency  and  Pitch  of 
Notee.— BoBonance  and  Forced  Oicillatlons.— AnalysiB  of  Vibrationii.— The  TransTerae 
Vibrations  of  Stretched  Strings  or  Wires  ~l?ipes  and  other  Air  Cavities.— Rods.— Plate*. 
—Membranes. — VibrationB  maintained  by  Heat.— SenBitive  Flames  and  Jets.— Mosical 
Sand.— The  Superposition  of  Waves.— Index. 

%*  PvJbiUkeri  Note.—It  is  intended  that  this  important  and  ldno-bxpeoivd 
Tbbatibb  shall  be  issned  in  separate  Volumes,  each  complete  in  itself,  and 
published  at  regular  intervals. 


In  large  Svo,  with  Bibliography,  Illustrations  in  the  Text,  and  seven 

Lithographed  Plates.     12s.  6d, 

THE  MEAN  DENSITY  OF  THE  EARTH: 

An  Essay  to  whieh  the  Adams  Prize  was  adjudged  In  1898  in 

the  University  of  Cambridge. 

BY 

J.  H.  POYNTING,  ScD.,  F.R.S., 

Late  Fellow  of  Trinity  Collie,  Cambridge;  Professor  of  Phjracs,  Mason 

G>llege,  Birmingham. 

**  An  aoeoont  of  this  suhlsot  oannot  fail  to  be  of  euA*  and  osraaAL  nmaisf  to  the  selsnklfle 
Bind.  Espeolalljr  is  this  the  case  when  the  acooant  is  given  by  one  who  hss  eontribated  s» 
eoniiderably  as  has  Prof.  ?o]mting  to  onr  present  state  of  knowledge  with  resneet  to  a  vsf]r 
difienlt  sahlset    .    .    .    BemarKably  has  Newton's  estimate  been  verUed  by  Prof.  PoynilBC.'*— 


LONDON:  GHARLE8  ORIFFIN  A  CO..  LIMITED,  EXETER  STREET,  STRAND. 
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$6,  GRIFFIN'S   NAUTICAL  SERIES, 

Edited  by   EDW.   BLACKMORB, 
Matter  Mariner,  First  CIam  Trinity  Home  Oertiflcate,  Assoc.  Inat  V.A.; 
And  Wbitrm,  madilt,  by  Sailobb  for  Bailobs. 


«<  This  IDMIRABXil  SlBIIB."— JVl^rP^OV.         "  A  TBRT  ITSinTL  8IIIIX8."— iffllura. 

"  Tbe  TDlnmei  of  1CBSSB&  OBivm'B  KAumuL  Sibub  may  well  and  profitably  be 
read  byALii  Interested  in  oar  vatioval  VASrrna  pRoauss."— AToHto^  Bngin^&r, 

'*  IvxRT  Bmp  should  have  tbe  WHOLi  Bibos  as  a  Ukrhkvob  Ld&aky.  Haxik 
MOOLT  BOUMS,  dLiAMiT  VEHiziD  and  iiiXiUBT]UXiD."~X«eir]woi  Joiint.  ^  OomnMroe. 


The  British  Mereantile  Marine :  An  Hirtorioal  Sketoh  of  ite 

and  Derel^ment.    By  the  Sditob,  GAfT.  Blaokmobb.    8s.  6d. 

"  Captain  Kackmore's  splbbdid  book  .  .  .  contains  paragraplis  on  evecy  point 
of  interest  to  the  Merchant  Marine.  The  243  pages  ui  this  booJc  are  shb  MOflK  YAjUJ* 
ABLB  to  the  sea  captain  that  hare  BYBB  been  oompilbd."— ifereAasU  Hmrwot  JU9i§w, 

Elementary  Seamanship.    By  D.  WiuoM-BABKji&y  Maater  Manner, 

r.B.8.E.,  F.&.G.S.    With  nttmeroua  Plates,  two  in  Oolonis,  and  JTrontispieue. 
Sboond  Bdition,  ScTised.    6a. 

''This  admzrablb  manval,  by  Capt.  Wiuoh  Babbbb,  of  the  *Wocoasi«r/ 
to  na  PBBnaiLT  dbuobbd."— ^tAancpum^ 


Know  Tour  Own  Ship :  a  Simplo  EzplaiiAtion  of  the  Stabiiil7,  Con- 
struction,  Tonnage,  and  Jj'reeboard  of  Shipa.    By  TuoB.  Waliob,  Aavai  Aromieou 
With  nnmerous  Illustrations  and  additiuual  Chapters  on  Buoytuivy,  xxuu,  and 
Oalenlabions.    Foubth  Bditiom,  Bevised.    7s.  6d. 
"Mb.  Waltob'b  book  wBl  be  found  ymri  ubbi ui^"— ^'A#  jHi^Miftr. 


The  Construetlon  and  Maintenanee  of  Vessels  built  of  Steel. 

By  THOfl.  Walton,  Maval  Architect.  IShorUy. 

Navigation :  Theoretical  and  Praetieal.    Bv  D.  Wilson-Babkks, 

Master  Mariner,  «o.,  and  William  Aluivoham.    8a.  M. 

"Pbbgibblt  the  kind  of  work  required  for  the  New  Oertiflcates  of  oompetenoy. 
Oaadldatea  will  Had  it  ISTALUABLB."— iHindes  ^deertiisr. 


Latitude  and  Longitude :  How  to  find  them.    By  W.  J.  Millab, 

C.B.,  late  See.  to  tbe  Intt.  of  Engineers  and  Shlpbuildert  in  Scotland.     28. 
"  Cannot  but  prove  an  acquisition  to  tbiose  studying  Navigation."— if orins  Sttffinmr^ 

Praetieal  Hechanies:    Applied  to  the  reqairements  of  the  8aflor. 

By  TH06.  Maokbnzib,  Master  tUriner,  F.a.A.S.    8s.  6d. 

"  Wbll  wobth  the  money  .    .    .  bxobbdinolt  HELnruiM*'^SMppinff  WmrUL 

Marine    Meteorology:    Fat   Offioen   of   the    Mercham   :Navy.      By 
WnJJAX  Ai.rTTgniiAiy  flrst  dass  Honours,  Navigation,  Science  and  Art  Department. 

[Skortly, 

Trigonometry :  For  the  Young  Sailor,  Ac    By  Rich.  C.  Buck,  of  the 
Tluunes  Nautical  Training  College,  fl.M.8.  "  Worcester."  Price  8s.  6d. 
'*  Ibis  BXXBBHTLT  PBAOUOAL  and  BBiJiBi.i  TOlnme."— AAoefoMMtsr. 

Praetieal  Algebra.    By  Rich,  C.  Buck.    Companion  Volume  to  the 
above,  for  Ba^^rs  and  others.    Price  Ss.  6d.  „    „    sj    t  ^      ^^ 

**  It  is  Just  the  book  for  tbe  young  sailor  mindful  of  progress.  —Ifauticai  Moffatrnt, 

The  Legal  Duties  of  Shipmasters.    By  Bbkkdiot  Wm.  Giasbubo, 

MJL,  LL.D.,   of   the  Inner  Temple  and  Northern  Glroiilt;   BarristeNit-Law. 

Pylaa     Am      AA 

"Ivtaluablb  to  Masters.  .  .   .   We  can  fully  reoommsnd  it."— A^ppfiV  Ooaifte. 

A  Medieal  and  Surgieal  Help  for  Shipmasters.    Inoludinf  Flnt 

Aid  at  Bea.    By  Wm.  Johbsoh  SmtH,  F.B.C.B.,  Principal  Medical  OOoer,  Beaman'a 
Hospital,  Greenwich.    «s.  .    _,    , 

"BouvD,  JVDioiovs,  bballt  hblppul."— T»«  LameeL 


LONDON:  CHARLES  GRIFFIN  ft  CO..  LIMITED.  EXETER  STREET.  STRAND. 


«t  OMAMiMI  OMIFFtW  *  00.'t  PUMLWATHUm, 

GRIFFIN'S  NAUTICAL  SERIES. 

Price  3$,  6d.     Post-free. 

am  El 

British  Mercantile  Marine. 

By  EDWARD   BLACKMORE, 

MASTBR  MARINBR ;   ASSOCXATB  OF  THB  INSTITUTION  OF  NAVAL  ARCHITBCTS; 

UBICBBR  OF  THB  INSTTTUTION  OP  BNCINB8RS  AMD  SHIPBUILDERS 

IN  SCOTLAND;  BDITOR  OF  GRIFFIN'S  "NAUTICAL  SBRIBS." 

Gbnkral  Contknts.— Hibtorioal  :  From  Early  Times  to  1486— PrograH 
wider  Henry  VIII.— To  Death  of  Mary— During  Elizabeth's  Reign -Up  to 
the  Reign  of  William  III.— The  18th  and  19th  Centuries— Institution  ot 
Examinations  —  Rise  and  Progress  of  Steam  Propulsion  —  Development  of 
Free  Trade- Shipi>ing  LegisUtion,  1862  to  1875— "  Locksley  Hall^'  Case- 
Shipmasters*  Societies— Loaiding  of  Ships — Shipping  Legislation,  1884  to  1894 — 
Statistics  of  Shipping.  Thb  Personnel  :  Shipowners— Officers-Mariners — 
Duties  and  Present  Position.  Education  :  A  Seaman's  Education :  what  it 
should  be— Present  Means  of  Education— Hints.  Disciplinb  and  Duty — 
Postscript— The  Serious  Decrease  in  the  Number  of  British  Seamen,  a  Matter 
demanding  the  Attention  of  the  Nation. 

"  IirrBRBBTOio  and  IxsTRucnvB  .  .  .  may  be  read  with  paovrr  and  svjotkbmt.**— 
W—9CW  Htraid. 

"EvBBT  BBA^OH  of  thfl  snbjeot  is  dealt  with  in  a  way  which  shows  that  the  writer 
*  knows  the  ropes'  familiarly.  "~i8co<«man. 

"This  ADXiBABLB  book  .  .  .  TBBMS  with  Dsofnl  information^Sfaould  be  in  the 
hands  of  every  Sailor.'*— Wut*rn  Morning  Ntwt. 


WORKS  BY  RICHARD  C.  BUCK, 

Of  the  Thames  Nautical  Tiaining  Oollege,  H.M.S. '  Worcester.* 

1,  A  Manual  of  Trigonometry: 

With  Diagrams,  Examples,  and  Exercises.    Post-free  Ss.  6d. 

*«*  Mr.  Buck's  Text-Book  has  been  specially  prbpared  with  a  view 
to  the  New  Examinations  of  the  Board  of  Trade,  in  which  Trigonometry 
is  an  obligatory  subject. 

"This  ncnKiiTLT  practioal  and  rsuablb  yoLoun.'"—J5ehoolmaater. 

2.  A  Manual  of  Algebra. 

Deeigned  to  meet  the  Requirements  of  Sailors  and  others.    Price  8s.  6d. 

%*  These  elementary  works  on  alobbba  and  tbioonombtrt  are  written  specially  for 
those  who  will  have  little  oppormnity  of  consalting  a  Teacher.  They  are  bookR  for  "SBtr- 
HBLP."  All  but  the  simplest  explanations  have,  therefore,  been  avoided,  and  amswbks  to 
the  Exercises  are  given.  Any  person  may  readily,  by  careful  study,  become  master  of  theii 
oonteDts,  and  thus  lay  the  foundation  for  a  farther  mathematical  course,  if  denired.  It  ie 
hoped  that  to  the  younger  Officers  of  our  Mercantile  Marine  they  will  be  found  deddedly 
senriceable.  The  fixamplen  and  Hxeroisei  are  taken  froai  the  Examination  Papers  set  for 
the  Cadets  of  the  '*  Worcester.*' 

*«*  For  complete  List  of  Gainrnr's  Nautical  Sbbibs,  see  p.  M. 

LONDON :  CHARLES  GRIFFIN  A  CO..  LIMITED.  EXETER  STREET.  STRAND. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Second  Edition.     Price  Sa,  Post-free, 

elementarT^seamanship. 

BT 

D.  WILSONBARKER,  Mabtkb  Marinkb;  F.R.S.E.,  P.R.G.S.,&a,&a; 

TOUNGIA  BROTHBB  OF  THB  TBIMITT  H0V8X. 

With  Frontispiece,  Twelve  Plates  (Two  in  Colours),  and  Illustrations 

in  the  Text. 

Gkmeral  GoKTKiTTS.— The  Building  of  a  Ship;  Farts  of  Hull.  Masts, 
Ac —Hopes,  Knot^  Splicing,  &c.  —  Gear,  Lead  and  Log,  ftc.  —  Rigging, 
Anchors  —  Sailmaking — The  Sails,  &c  —Handling  of  Boats  under  Sail  — 
Sisals  and  Signalling— Rule  of  the  Road— Keeping  and  Relieying  Watch- 
Points  of  Etiquette— Glossary  of  Sea  Terms  and  rhraMS— Indeic 

*a*  The  Tolaine  contftinB  the  nkw  bulsb  op  tub  boao. 

**  This  ADMiRABUt  MANVAU  by  Oapt.  Wilsok-Babxbb  of  the  *-  Woroeeter,"  seems  to  ns 
niBrBcn.T  dbbi«kbd.  and  holds  ita  pUoe  exoellentlv  In  *  QRtFFHi'B  Nautioal  Sbbxbs.*  .  .  . 
Although  intended  for  those  who  are  to  become  Offlcera  of  the  Merchant  Nary,  it  will  be 
foand  nsefnl  by  all  TLQtntan».'"—Athmmtim. 

*'FiT6  shillings  will  be  will  bpbmt  on  this  little  book.  Gaft.  Wilsom-Babkbb  knows 
from  experience  what  a  young  man  wants  at  the  oataet  of  his  career."— 77k«  BngiMtr. 


Price  Ss.  6d.     PoeUfree. 

ISTAVIQATION 


By  DAVID  WILSON-BARKER,  RN.R,  F.R.S.E.,  <fec.,  Ac, 

AND 

WILLIAM  ALLINGHAM, 

FIXST-OLIS8  HOHOUBS,  HATIQATIOK,  8GISH0B  AND  ABT  DIEPARTHKKT. 

TPQlftb  VlumerouB  SUustratiortB  and  Examination  (Ruestione* 

General  CoNTSNT8.—Definition8— Latitude  and  Longitude— Instnunente 
of  Navigation — Correction  of  Couraee— Plane  Sailing — Traverse  Sailing— Day's 
Work  —  Parallel  Sailing  —  Middle  Latitude  Sailing  —  Mercator's  Chart— 
Mercator  Sailing — Current  Sailing: — Position  by  Bearings— Great  Circle  Sibling 
—The  Tides- Questions — Appenaiz :  Compass  Error — Numerous  Useful  Hints, 
Ac  — Index* 

**  Pbboisblt  the  kind  of  woric  required  for  the  New  Osrtiflcates  of  competency  in  grades 
from  Second  Mate  to  extra  Master.  .  .  .  Candidates  will  find  it  ixvalcablb."— ^MKffr 
AdntriiMet. 

**  A  OAPITAL  UTTLB  BOOK  .  .  .  speolally  adapted  to  the  New  Examinations.  Hie 
Anth<»v  are  Catt.  Whsoii-Babxbb  (Captain-Superintendent  of  the  Nautical  Oollege,  H.M.(1 
*'  Worcester,**  who  has  had  great  experience  In  the  highest  problems  of  Navigation),  and 
Mbl  AixnoHAii,  a  well-known  writer  on  the  Science  of  Navigauon  and  Nautical  Astronomy.  ** 
~  Skippimg  World. 

*,*For  complete  List  of  Gszivni's  Nadtical  Sbbibs,  see  p.  45. 
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4*         OBAMLK  oitrrmr  s  oo.'$  publioa  rroira. 
QBIFFnrS  NAXTTICAL  SEBIES. 

Crown  8yo,  with  NamerouB  IllnatratioDs.    Handsome  Cloth.    3«.  6d. 

Practical  Mechanics: 

Applied  to  the  Eequirements  of  the  Sailor. 

By    THOS.    MACKENZIE, 

Master  Uarintry  F.R.A.S. 

GsNERAL  Contents. — Resolution  and  Composition  of  Forces — Work  done 
by  Machines  and  living  Agents — The  Mechanical  Powers:  The  Leyer; 
Derricks  as  Bent  Levers— The  Wheel  and  Axle ;  Windlass ;  Ship's  Ci^iBtan ;, 
Crab  Winch— Tackles :  the  *'01d  Man*'— The  Inclined  Plane;  the  Sorew^ 
The  Centre  of  Gravity  of  a  Ship  and  Cargo  —  Relative  Strength  of  Rope  : 
Steel  Wire,  Manilla^  Heinp,  Coir— Derricks  and  Shears— CalouiatiDn  of  the 
Cross-breaking  Strain  of  Fir  Spar — Centre  of  Effort  or  Sails — Hydrostaticd : 
the  Diving-bell ;  Stability  of  Floating  Bodies ;  the  Ship's  Pump,  &c. 

"  This  excellent  book  .  .  .  contains  a  la.roe  amount  of  information.'* 
— Ifature. 

"  Well  worth  the  money  .  .  .  will  be  found  bzoebdinolt  bblfful." — 
Shipping  World. 

*^Ko  Ships'  Officers'  bookcase  will  henceforth  be  complete  without 
Captain  Mackenzie's  *  Practical  Mechanics.'  Notwithstanding  my  many- 
years'  experience  at  sea,  it  has  told  me  how  mttch  more  there  is  to  <icquire," — 
(Letter  to  the  Publishers  from  a  Master  Mariner). 

"  I  must  express  my  thanks  to  you  for  the  labour  and  care  you  have  taken 
in  'Practical  Mechanics.'  .  .  .  It  is  a  life's  experience.  .  .  . 
What  an  amount  we  frequently  see  wasted  by  rigging  purchases  without  reason 
and  aooidents  to  spars,  &c.,  &c.  I  'Practical  Mechanics'  would  bavb  ali- 
this." — (Letter  to  the  Author  from  another  Master  Mariner). 


Crown  8yo,  with  Diagrams.     28.     Post-free. 

Latitude  and  Longitude: 

BCovr    to    Fix&d    theism. 

Bt   W.   J.   MILLAR,   C.E., 

Late  Secretary  to  the  Inst,  of  Engineers  and  Shipbuildere  in  Scotland. 

**  CoNOiSBLT  and  clbably  written   .    .    .    cannot  but  prove  an  aoquisitioik 
to  those  studying  Navigation."— itf^anne  Engineer. 

**  Toung  Seamen  will  find  it  handt  and  useful,  sihplb  and  olbar."—  The 
Bngvaeer.  

*«*  For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  45. 
LONDON :  CHARLES  GRIFFIN  ft  GO^  UNITED,  EXETER  8TREET,  8TRAN0. 
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GRIFFIN'S  NAUTICAL  SERIES. 

In  Crown  8vo.    Handsome  Cloth.    4s.  6d.    Post-free. 

THE  LEGAL  DUTIES  OF  SHIPMASTERS. 

BT 

BENEDICT  WM.    GINSBURG,    M.A.,   LL.D.  (Cantar), 

Of  the  Inner  Temple  and  Northern  Ctrcnit ;  Berriiter-st-Law. 

General  Contents.— The  Quallflcatlon  for  the  Position  of  Shipmaster^The  Con- 
tract with  the  Shipowner— The  Master's  Duty  in  respect  of  the  Crew :  Engagement ; 
Apprentices ;  Discipline ;  Provisions,  Accommodation,  and  Medical  Comforts ;  Payment 
of  Wages  and  Discharge— The  Master's  Duty  in  respect  of  the  Passengers— The  Master's 
Financial  Kesponsibillties— The  Master's  Duty  in  respect  of  the  Cargo— The  Master's 
Doty  in  Case  of  Casualty— The  Master's  Duty  to  certain  Pnblic  Anthoritles— The 
Master's  Duty  in  relation  to  Pilots,  Signals,  Flass,  and  Liffht  Dues— The  Master's  Duty 
upon  Arrival  at  the  Port  of  Discharge— Appendices  relative  to  certain  Lenl  Matters : 
Board  of  Trade  Certificates,  Dietarv  Scales,  Stowage  of  Grain  Cargoes,  Load  Line  Begula- 
tlons,  Life^aving  Appliances,  Carriage  of  Cattle  at  Sea,  Ac.,  Ac— Copious  Index. 

*'  No  intelligent  Master  shonid  fall  to  add  this  to  hfs  list  of  uaeftil  and  neceesary  books. 
The  price  (4s.  6d.)  cannot  be  quoted  as  an  excuse  for  non-posssMlon,  and  a  Isw  lines  of  It 
may  savs  ▲  lawtkb's  fbb,  bbsidks  ExnLBSs  wokrt."— Z>ic«rp<H>/  Journal  of  Commerce. 

**  Sknsiblx.  plainly  written,  in  clsab  and  vov-tbcbhical  lakouaob,  and  will  be  ftmnd  of 
KDCB  BSRviCB  by  the  Shipmaster/'— ^t<i«A  Trade  Review. 


FiRST  AID   AT  SEA. 

With  Coloured  Pfatea  and  Numerous  /Nuatratione,    6e, 

A  MEDICAL  AND  SURGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 

iN   THE  MERCHANT  NAVY. 

BY 

WM.      JOHNSON     SMITH,    F.RO.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Greenwich. 

*•*  The  attention  of  all  interested  In  our  Merchant  Navy  is  requested  to  this  ezoeedlngly 
Qsefnl  and  valuable  work.  It  is  needless  to  say  that  it  Is  the  ootcome  of  many  years 
nucncAL  BXTBHiEMt  B  smongst  Seamen. 

**  Sousn,  jnniaous,  bballt  bbutul  **—The  Lancet. 


MARINE  METEOROLOGY 

FOR   OFFICERS   OF  THE   MERCHANT  NAVT. 

BY 

WILLIAM   ALLINGHAM, 

Joint-Author  of  "  Navigation,  Theoretical  and  Practical." 

[In  Preparation, 
«*  For  Complete  List  of  Qriffin's  Nautical,  Series,  see  p.  45. 
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ft        OEABLMa  oRiFmr  s  ao.'t  puBLWATioira. 
GBIFFnrS  NAUTICAL  SERIES. 

Fourth  Edition.     Revised  throughout,  with  additional  Chapters  on 

Trim^  Buoyancy^  and  Calculations,     N'umerotu  IllustrcUkms, 

Handsome  Cloth,  Crown  Svo.    7s,  6d. 

KNOW  YOUB  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Aeohitect. 

flPEOIALLY    ARSANGED    TO    SUIT    THE    REQUIREMENTS    OP    SHIPS*   OFFICERS, 
SHIPOWNERS,   SUPERINTENDENTS,   DRAUGHTSMEN,   ENGINEERS, 

AND  OTHERS. 

This  work  explains,  in  a  simple  manner,  such  important 
flubjects  as: — 

Displacement,    Deadweight,    Tonnage,    Freeboard,     Moments, 

Buoyancy,  Strain,  Stmctnre,  Stability,  Rolling,  Ballasting, 

Loading,  Shifting  Cargoes,  Admission  of  Water, 

Sail  Area,  ftc,  ftc. 

'*  The  little  book  will  be  found  sxceedinolt  handt  by  most  officers  and 
officials  connected  with  shipping.  .  .  .  Mr.  Walton's  work  will  obtain 
LASTING  SUCCESS^  because  of  its  uniqne  fitness  for  those  for  whom  it  has  been 
written."— i87iipp»ni^  World. 

**  An  EXCELLENT  WORK^  fiill  of  solid  instruction  and  invaluable  to  every 
officer  of  the  Mercantile  Marine  who  has  his  profession  at  heart." — Shippina. 

"  Not  one  of  the  242  pages  could  well  be  spared.  It  will  admirably  fulfil  its 
purpose  .  .  .  useful  to  ship  owners,  ship  superintendents,  ship  draughts* 
men,  and  all  interested  In  shipping." — Liverpool  JourncU  of  Commerce, 

**  A  mass  of  vert  useful  information,  accompanied  by  diagrams  and  illus- 
trations,  is  given  in  a  compact  {oTxn,^*—Fairplay 

**  A  larp^e  amount  of  most  useful  information  is  ^ven  in  the  volume. 
The  book  is  certain  to  be  of  great  service  to  those  who  desire  to  be  thoroughly 
grounded  in  the  subject  of  which  it  treats." — Steamship. 

"  We  have  found  no  one  statement  that  we  could  have  wished  differently 
expressed.  The  matter  has,  so  far  as  clearness  allows,  been  admirablv  con- 
densed, and  is  simple  enough  to  be  understood  by  every  seaman.  "—JtfaHnc 
Enffineer, 


By  the  Same  Author. 
In  Preparation. 

THE   CONSTRUCTION   AND   MAINTENANCE 
OF  VESSELS  BUILT  OF  STEEL. 

Illustrated  with  Numerous  Plates  and  Diagrams. 
*,*  For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  45. 
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QEOLOQT,  MINING,  AND  MBTALLURQT,  51 


§§7-8.  Grin's  Geological,  Prospecting,  Mining,  and 

Hetallnrgical  Pnblications. 

PAOB 

Oeology,  Stratlgraphieal,        R.  Ih'HERiDGs,  F.R.S., .  52 

„     Physical,  Prop.  H.  G.  Seblbt,    .        .  52 

M     Practical  Aids,  3rd  Ed.,  Prof.  Grenville  Cole,  53 

M    Open  Air  Studies, .  „  „  .  86 

1.  Prospecting  for  Minerals,  S.  Herbert  Ck)Z,  A.RS.M.,  .  55- 

2.  Food  Supply,  Bobt.  Bruce,       ...  54 

3.  New  Lands  and  their) 

Prospective     Advan->H.  R.  Mill,  D.Sc.,  F.R.S.E.  54 
tagres,      .       .       .     j 

4.  Buildinsf  Construction,    Prof.  Jas.  Lton,  54 
Ore  and  Stone  Mining,  2nd  Ed.,  Prof.  Le  Neyb  Foster,  56 

Elementary  Mining, .  »  ,>  ^6 

Coal  Mining,  3rd  Ed.,  H.  W.  Hughes,  F.G.S  ,  57 

Petroleum,  ....        Redwood  and  Hollow  at,     .  58 

Mine-Surveying,  6th  Ed.,  .        Bennett  H.  Brough,  A.R.S.M.,  59 

Blasting  and  Explosives,        O.  Guttmann,  A.M.I.C.E., .  59* 

Mine  Accounts, .  Prop.  J.  G.  Lawn,  60 

MetaUui^(GeneHd  Treatise  I  p^,^^j„^„B^„„^^,^  61 

„  (Elementary),        Prof.  Humboldt  Sexton,  66 

Assaying,  5th  Ed.,  J.  J.  &  0.  Beringer,   .  66 

Griffin's  Metallurgical  Series (  ^^^.R^^fTs?^  62 

1.  Introduction  to  Metal- jp^^'^''j^3^'^;3.A^g^^'       *  63 
lurgy,  4th  Ed.,       .    /                                  ' 

^-  ^^S    M®*^!"'*^^    ^^'  I  Dr.  Kirke  Rose,  A.R.S.M.,  64 
3rd  Ed.,    .         .         .      j                                 '                   ' 

8.  Iron,  Metallurgy  of,.        Thos.  Turner,  A.R.S.M.,     .  65 

4.  Steel,  „  F.  W.  Harbord,  A.RS.M.,  .  65 

6.  Silver  and  Lead,  „    .        H.  F.  Collins,  A.RS.M.,      .  66 

6.  Metallurgical  Machinery,  H.  C.  Jenkins,  A.RS.M.,    .  62 

Getting  Gold,  2nd  Ed.,  J.  C.  F.  Johnson,  F.G.S.,  55 

Electric     Smelting     and      I  Borchers  and  McMillan,    .  67 

Refining,        .       .       .     f 

Tables  for  Quantitative       )  j  j^^^^  Morgan,       .       .  67 
Metallurgical  Analysis,    j                          ' 

Electro-Metallurgy,  .  W.  G.  McMillan,  F.I.C,    .  68 

Goldsmith  and  Jeweller's  Art,  Thos.  R  Wigley,  ...  68 

LONDON:  CHARLES  GRIFFIN  *  CO.,  LIMITED.  EXETER  STREET,  STRAND. 


5t  0HABLM8  ORIFFIIT  ^  VO.'S  PUBLIC  A  TIOI/S. 

Demy   8vo,   Handsome  doth,   18s, 

Physical  Geol(^  and  Paleontology, 

OJ^    TEE   BASIS    OF  PHILLIPS. 

(V 

HARRY    GOVIER     SEELEY.     F.  R.S., 

PROFBSSOR  OP  CKOGItAPHY  IN  KING'S  COLLaCB,  U>NDON. 

fOliib  frontispiece  in  Cbtomoi»XitbO0rapbi2»  and  ^lluettationt. 


'*  It  is  impossible  to  praise  too  highly  the  reseupch  which  Propkssoil  SKXLCT*t 
*  Physical  Geology  ^  evidences.  It  is  far  mors  than  a  Trxt-book—U  if 
A  DiRBCTORY  to  the  StodeAt  in  prosecuting  his  researches." — Prtsidential  Ad' 
dras  10  the  Geological  Society,  1885,  Af  Rev, Prof , Bonnej^  />.Se.,  LL,D.y  F.R,S, 

*<  Professor  Srblby  maintains  in  his  *  Physical  Geology  '  the  high 
reputation  he  already  deservedly  bears  as  a  Teacher."  —  Dr,  Henry  Wood- 
ward, F.R.S.^  in  the  "  Geologual  Maf^atme,'^' 

'*  Professor  Seelry's  work  includes  one  of  the  most  satis&ctory  Trwtiacs 
cm  Lidiology  in  the  English  language.  ...  So  much  that  is  not  accessUc 
in  other  works  is  presented  in  this  volume,  that  no  Student  of  Geolqgy 
afford  to  be  without  it." — Americem  Journal  of  Engineenttg, 


Demy  8vo,  Handsome  cloth,  S4^. 

StratigrapMcal  Geology  &  Paleontology, 

ox    THE   BASIS    OF  PHILLIPS. 

m 
ROBERT    ETHERIDGE,    F.R.S., 

or  TBB  NATUKAL  HIST.  DRPARTMBNT,  BRITISH  MUSBUlf,  XJITR  PAlw«ONlX>L0GIST  TO  TUB 
CBOLOCICAL  SURVBY  OP  GREAT  BRITAIN,  PAST  PRBSIDBNT  OP  THB 

GBOLOGICAL  SOCIBTY.  WtC 

Vnitb  /ISapi  Vlumetoua  (TaDleB*  and  XTbirti^^ix  plate*. 


**  No  fnck  compendium  of  f  eological  knowledge  has  erer  been  brought  together  before.' 


**  ir  Prop.  Srblry's  volume  was  remarkable  for  its  originality  and  the  breadth  ef  tli  ne«^ 
Mr.  Etsbridgr  fuUv  justifies  the  assertion  made  in  his  pre£ace  that  his  book  diffen  ' 
«ructioR  and  detail  nom  any  known  mauml     .    .    .    Must  take  mcH  rank  AatoMc 

OP  RKPKRKNCR.  *—A  tJufUtum. 

LONDON:  CHARLES  GRIFFIN  I  00.,  LIMITED,  EXETER  STREET,  STRAND. 


PRAGTWAL  QJOOIiOGT  AND  PR08PECT1NQ,  S3 

Works  by  6BENVILLE  A.  J.  COLE,  M.R.I.A.,  F.G.S., 

ProCcnor  of  Geoloffy  ia  tbe  Rofy*!  College  of  Science  for  Ireland. 


PRACTICAL4    GEOLOGY 

(AIDS    IN): 

IVITH   A    SECTION  ON  PALjKONTOLOGY, 

By  professor  GRENVILLE  COLE,  M.R.I.A.,  F.G.S. 

Third  Edition.  Revised  and  in  part  Re-written.    With  Frontispiece 

and  lUustrations.    Cloth,  xos.  6d. 


aSKHBAL    0OKT1BNT&  — 

PART       I.~-SAJfFUNG   or   THE   EAKTH'S    CRUST. 

PART    II.— Examination  op  Minbkals. 

PART  III.—EXAMINATION  OP  ROCKS. 

PART  IV.— Examination  op  Fossils. 

"ProC  Cole  treau  of  the  examination  of  minenls  and  rocks  in  a  war  that  has  newt 
been  attempted  before  .  .  .  dbsbsving  op  thb  righvst  psaisb.  Here  indeed  are 
'Aids '  iNNUMBKABUt  and  imvaluablb.  All  the  directions  ara  giren  with  the  utnuiM  cka]^ 
Bess  and  precision.'*—^  tJuiuntm. 

"To  the  Tounger  workers  in  Geolory,  Prof.  Cole's  book  wil  be  as  htdispbhsabui  as  a 
dictionary  to  the  learnen  of  a  language.  -Afa/amAs^  Rtwirm, 

"That  the  wxnrk  desenres  its  title,  that  it  is  full  of  'Aids/ and  in  the  highest  degree 
'  PBACTiCAL,'  will  be  the  rerdict  of  all  who  use  iL"— A^«Av>v. 

**  This  BZCSXXBNT  Manual  .  .  .  will  be  a  tbkt  gkkat  hblp.  .  .  .  The  section 
in  the  Examination  of  FossiIb  is  probably  the  best  of  its  kind  yet  pablidied.  .  .  Full 
of  well-digested  information  from  the  newest  sources  and  linam  penooal  research.*'— ^lUMilf 
•fNaU  Huity. 


OPEN-AIR      STUDIES! 

An  Introduction  to  Geologry  Out-of-doors. 

By  PROFESSOR  GRENVILLE  COLE,   M.R.LA.,  F.G.S. 

With  12  Full' Page  lUustrations  from  Photographs, 

Cloth,     %s,  6/ 

For  details,  see  p.  S6. 


Edited  toy  PRQFBSSOR  COLB. 

Tbe  ''New  Led"  Series  for  Colonists  and  Prospectors 

(See  next  page). 
LONDON:  CHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


OBABLMB  OMimif  S  OO.'S  FUBLWATIOBB. 


The  "New  Land"  Series 


OF 


Practical  Hand-Books 

For  the  Use  of  Prospectors,  Explorers,  Settlers, 

Colonists,  and  all  Interested  In  the  opening 

up  and  Development  of  New  Lands. 

EDITED    BY 

GRENVILLE  A.  J.   COLE,   M.R.LA.,   F.G.S., 

Professor  of  Geology  in  the  Koyal  College  of  Science  for  Ireland. 
Large  Crown  8vo,  Cloth  or  Leather,  with  Illustrations. 


Vol.  1.— PROSPECTINa  FOR  MINERALS.  By  S. 
Herbert  Cox,  Assoc.R.S.M.,  M.Inst.M.M.,  F.G.S.  Cloth, 
5s. ;  Leather,  rounded  corners,  6s.  6d. 

**ir  the  sncceeding  TOIameH  of  the  Nsw  Lam>  Ssrim  ore  equal  In  merit  t>  the  First, 
we  must  coDgratolate  the  Publishers  on  Buocessfully  filling  up  a  gap  In  existing  literature. 
-—Mining  Journal. 

Vol.  2.— food  SUPPLY.  By  Robert  Bruce,  Agricultural 
Superintendent  to  the  Royal  Dublin  Society.  With  many 
Engravings  and  Photographs.     Cloth,  4s.  6d. 

^  Bristles  with  information."— /Virmcr*'  Oageite. 

IN  PREPARATIOX, 

Vol.  3.— new  LANDS  AND  THEIR  PROSPECTIVE 
ADVANTAGES.  By  Hugh  Robert  Mill,  D.Sc, 
F.R.S.E.,  Librarian  to  the  Royal  Geographical  Society. 

Vol  4.— BUILDING  CONSTRUCTION  in  WOOD,  STONE, 
AND  CONCRETE.  By  Jas.  Lyon,  M.A.,  Professor  of 
Engineering  in  the  Royal  College  of  Science  for  Ireland ; 
sometime  Superintendent  of  the  Engineering  Department  in 
the  University  of  Cambridge;  and  J.  Taylor,  A.R.C.S.I. 


%*  Other  Volumes  will  follow,  dealing  with  subjects  of 
Primary  Importance  in  the  Examination  and  Utilisation  of 
Lands  which  have  not  as  yet  been  fully  developed. 
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GRIFFIN'S    "NEW    LAITO"    SERIEs! 

Now  Ready.     With  lUustrations.     Price  in  Clothf  5s. ;  Urongly  hound  v% 

Leather^  6«.  6c{. 

PROSPECTING  FOR  MINERALS. 

A  Praotical  Handbook  for  Prospectors,   Explorers,   Settlers,  and  all 
interested  In  the  Opening  uo  and  Development  of  New  Lands. 

BT 

8.  HERBERT  OOX,  A8soc.R.S.M.,  M.InBt.M.M.,  F.G.S.,  <fea 

Gbneral  Contsnts.— Introduction  and  Hints  on  Geology— The  Determina- 
tion of  Minerals :  Use  of  the  Blow-pipe,  &c. — Bock-forming  Minerals  and  Non- 
Metallic  Minerals  of  Commercial  Value :  Rock  Salt,  Borax,  Marbles,  LithO' 
graphic  Stone,  Quartz  and  Opal,  &c..  &c. — Precious  Stones  and  Oems — Stratified 
Deposits:  Goal  and  Ores— Mineral  Veins  and  Lodes — Irregular  Deposits- 
Dynamics  of  Lodes :  Faults,  Ac. — Alluvial  Deposits — Noble  Metals  :  Gold, 
Platinum,  Silver,  &a— Lead — Mercury — Copper — Tin — Zinc— Iron — Nickel, 
&0. — Sulphur,  Antimony,  Arsenic,  &c. — Comoustible  Minerals — Petroleum — 
General  Hints  on  Prospecting — Glossary — Index. 

"This  ADMIKABLE    LIITLK    WORK     .     .     .     written  with   SOIEMTinO  AOOUIUCT   In   a 

CUB  \R  aud  LUCID  style.  ...  An  importakt  addition  to  technical  llteratare  .  .  . 
wUl  be  of  value  not  only  to  the  Student,  but  to  the  experienced  Prospector."— ir<m*ti(7 
Journal. 


NOW  READY,      Vol.  TI.     With  many  Engravings  and  Photographs. 

Cloth,  4b.  6d. 

FOOD     SUPPLY. 

By   ROBERT    BRUCE. 

Agrlcuittiral  Baperinteodent  to  the  Royal  Dublin  Society. 
With  Appendix  on  Preserved  Foods  by  C.  A.  Mitchell,  B.A.,  F.LC. 

Gbnsral  Contents.— Climate   and   Soil — Drainage   and   Rotation   of 
Crops — Seeds  and   Crops — Vegetables   and    Fruits— Cattle   and    Cattle- 
Breedine— Sheep  and  Sheep  Rearinff--PigB — Poultry — Horses — The  Dairy 
— The  Farmer's  Implements— The  Settler's  Home. 
"  Bkistlbs  with  ntvoRMATiON.**— Farmerj*  Otuttte. 

Seoond  Edition.     With  llluntratioiM,    Cloth,  3s.  6d. 

GETTING    GOLD: 

A  GOLD-MINING  HANDBOOK  FOR  PRACTICAL  MEN. 

By  J.    0.    P.    JOHNSON,   P.a.S.,   A.I.M.E., 

life  Member  AastralasiAn  Klne-MAnagars'  AssocUtioo. 
General  Contents.— Introductory :  (Jetting  Gold— Grold  Prospecting 
(Alluvial  and  (ieneral)— Lode  or  Reef  Prospecting— The  Genesiology  of  Gold- 
Auriferous  Lodes— Auriferous  Drifts— Grold  Kxtraction— Secondary  Processes 
and  Lixiviation— Calcination  or  "  Roasting "  of  Ores— Motor  Power  and  its 
Transmission— Company  Formation  and  Operations — Rules  of  Thumb :  Mining 
Appliances  and  Methods— Selected  Data  for  Mining  Men— Australasian  Mining 
Regulations. 

"  PRAonoAL  from  beginning  to  end    .    .    .    deals  thoroughly  with  the  Prospecting, 
Sinking,  Cnuhlng,  and  Extraction  of  gold."— Ar<t.  Auttralatian. 


LONDON:  CHARLES  GRIFFIN  A  CO..  LIMITED.  EXETER  STREET.  STRAND. 
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ft         oBASLmt  aRiFKir  *  ao.'a  publwatiokb. 

ORE  &  STONE  MINING. 

BY 

C.  LE  NEVE  FOSTER,  D.St,  F.R.S., 
Third  Edition,     With  Fnmtiipiece  and  716  Illuitntioni.    341. 


Q.  ud  Li  Ailly  jiutifiH  ludi  Up* 

I  of  ihe  nnd*  of  occumon  of  pncticallr  jU 
H. '  -  7-*I  «fMv  }^<»M 


QENERAL   CONTENTS. 


YtUtnmanjiiKlu  ZHItittf. 
t.'^Oiiltrr.  Ztitkrfi.  Ar  Btrj-  •mtl 


jELEHENTABY    MINING  AND   QUARRYING 

(An  Introductory  T«Kt-book). 
Bt  Prop.  0.  LE  NEVE  FOSTER,  F.R.S. 

In  Crown  Svo.     With  UlutntJonB.  [ShorUy. 
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COAL-MINING  (A  Text-Book  of): 

FOR  THE  USE  OF  COLLIERY  MANAGERS  AND  OTHERS 
ENOAQEO  IN  COAL-MININQ. 

BY 

HERBERT    WILLIAM    HUGHES,    F.G.S., 

Amoc.  Royal  School  of  Mines,  General  Manager  of  Sandwell  Park  Colliery. 

Third  Edition.    In  Demy  %vo^  Handsome  Cloth,     With  very  Numereus 

lUustrations^  mostly  reduced  from  IVorking  Drawings,     Price  i%s, 

"The  details  of  colliery  work  have  been  fully  described,  on  the  ground  that 
•collieries  are  more  often  made  remunerative  by  perfection  in  small  matters 
ithan  by  bold  strokes  of  engineering.  ...  It  frequently  happens,  in  particular 
localities,  that  the  adoption  of  a  combination  of  small  improvements,  any  of 
which  viewed  separately  may  be  of  apparently  little  value,  turns  an  improfitable 
'Concern  into  a  paying  one." — Extract  from  Author^  s  Preface, 


GENERAL    CONTENTS. 

Qeoloffj:   Rocks  -Faults— Order  of  Successbn — Carboniferous   System  in  Britain. 
()oal :  Definition  and  Formation  of  Coal—  Qassificntion  and  Commercial  Value  of  Conk. 
BMtfoh  for  Goal :  Boring— various  alliances  used — Devices  employed  to  meet  Difficulties 
<€  deep  Boring— Special  methods  of  Boring;— Mather  &  Piatt's,  American,  and  Diamond 
«ystems — ^Accidents  in  Boring — Cost  of  Bonng— Use  of  Boreholes.     Breaking  Ghround* 
Tools— IVansmission  of  Power    Compressed  Air,  Electricity— Power  Machine  Dxills — Coal 
Cutting  hy  Machinefv^— Cost  of  Coal  Cutting— Exi^osives — Blasting  in  Dry  and  Dusty 
Mines— Blasting   by   Electricity— Various    methods    to    supersede   Bltuting.      Blnlrtng; 
Position,  Form,  and  Sse  of  shaft— Operation  of  getting  down  to  "  Stott<»-heaa  " — Method  of 
Aooeedmg  aiterward»^Lining  shafts— Keeping  out  Water  by  Tubbing— Cost  of  Tubbing — 
'Sinking  by  Boring— Kind- Chaudron,  and  lipmann  methods — Sinking  throurh  Quicksands 
—  Cost  of  Sinking.     Preliminary  OpeMlLonfl :  Driving  underground  Roads— Supporting 
^Roof :  Timbering,  Chocks  or  Cogs,  Iron  and  Steel  Supports  and  Masonry— Arrangement  of 
Inset.     Methods  of  Worklag:  Shaft  Pillar,  and  Subsidence— Bord  and  Pillar  System— 
'Lancashire  Method— Lonfwall  Method— Double  Stall   Method— Working  Steep  Seams— 
'Working  Thick  Seams— Working  Seams  lying  near  together — Spontaneous  Combustion. 
Haulage:  Rails— Tubs— Haulage  by  Horses — Self-actiog  Inclines — Direct-acting  Haulage 
—Main  and  Tail   Rope— Endless   Chain-  Endless    Rope—Comparison.      Winding;  Fit 
•Frames—  Pulleys— Ca^es— Ropes— Guides— Engines — DrumS'-Brakes— Counterbalanciag— 
Cxpanrion — Condensation — Compound  Engines— Prevention  of  Overwinding — Catches  at  pit 
4op— Changing    Tubs-^Tub    Controllers— Signalling.      Pumping:    Bucket   and    Plunger 
Pumps — Supporting  Pipes  in  Shaft — Valves  —  Suspended  lifbi  for  Sinking — Cornish  and 
BuU  Engines— DaTey  Differential  Engine — Worthington  Pump— Calculations  as  to  sixe  of 
Pumps— Draining    Deep   Workii^s — Dams.      Venwation:    Quantity   of  air   required— 
-Oases  met  with  in    Mines — Coafdust — Laws   of  Friction — Production   of  Air<urrents— 
"Natutal  Ventilation— Furnace  Ventilation— Mechanical  Ventilators— Efficiency  of  Fans- 
Comparison  of  Furnaces  and  Fans — Distribution  of  the  Air-current — Measurement  of  AJr- 
«ctirreats.     Til g!h ting;    Naked  Lights  —  Safety  Lamps — Modem   Lamps  —  Conclusions— 
Lodeing  and  Qeaniag  Lamps—  Electric  Light  U adenrouad— >DeUcate  Indicators.    Wortu 


at  BuiUftoe;  Boilers— Mechanical  Stoking— Coal  Conveyors— Workshops.  Preparatloa 
of  Ooal  for  Market:  Geaend  Considerations— Tipplers— Screens— Varying  the  Sues  made 
hj  Screens— Belts— Revolving  Tables— Loading  Shoots— Tytdcal  Illustrations  of  the  airang»> 
■sent  of  Various  Screening  Establishments— Ccal  Washing — ^Dry  Coal  Cleaning  -Briquettes. 


"Quite  THK  BEST  Booic  of  its  kind  ...  as  raAcncAL  in  aim  as  a  book  can  be  .  .  . 
<Coaches  upon  every  point  connected  with  the  actual  working  of  collieries.  The  illustxmtioBS 
4tf«  mxcmAJKHTj*—AthenMum, 


"  A  Text-book  on  Coal-Mining  is  n  peat  desideratum,  and  Mr.  Hoghu  _ 
ADMIKABLB  QVAuncATiONB  foT  Supplying  It.    .    .    .    We  cordially  recommend  the  woric* 
'^CelHery  GuartUam. 

**  Mr.  HuGHBS  has  had  oi^rtunities  for  study  and  research  whidi  fisll  to  the  lot  of 
>4mt  few  men.  If  we  mistake  not,  his  text-book  will  soon  come  to  be  regarded  as  the 
•rrAMDAaD  wokk  of  its  kind.**- ^(rwMiw/AAM  Daily  GoMeite. 

LONDON:  CHARLEB  ORIFFIN  i  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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0SABLB8  OSIfJPIir  *  OO.'S  PUBLIOATIONa. 


AND    ITS    PRODUCTS: 

A    PRJ!i.OTXOJLr<    rrXKBJK.TIBS:. 

BT 

BOYERTON       REDWOOD, 

F.R.S.E.,  F.I.C.,  Assoc.  Inst.  C.E., 

Hon.  Oorr.  Mem.  of  the  Imperial  RoMiaa  Technical  Society :  Mem.  of  the  American  Chemica)> 
Society :  Conaulting  Adriser  to  the  Corporation  of  London  under  the 

Petroleam  Act*,  Jkc,  &c. 

Assisted  by  GEO.  T.  HOLLOW  AY,  F.LC,  Assoc.  R.C.S., 

And  Numerous  Contributors. 

In  Two  VolumeSy  Large  8vo.    Prioe  468. 
mitb  numerous  ItzjQS,  plates,  and  ^Uudtratfond  in  tbe  ZttL. 


aENSRAl.    CONTENTS. 


vm 


in. 

IV. 


DU^ 


XI. 


Transport,   Storage,  and 

'  trlbutlon  of  Petroleum. 
DC  Testing  of  Petroleum. 
Z.  Application    and    Uses    of 
Petroleum. 

Legislation  on  Petroleum  at 
Home  and  Abroad. 

Statistics    of    tbe    Petroleum 
Production  and  tbe  Petroleum' 
Trade,   obtained    ftom    tbe 
most  trustwortby  and  official^ 
sources. 


General  Historical  Aooount  of 
tbe  Petroleum  Industry. 
Oeologloal    and    Oeograpblcal 
Distribution  of  Petroleum  and 
Natural  Oas. 

Cbemlcal    and    Pbysloal    Pro. 
pertles  of  Petroleum. 
Origin  of  Petroleum  and  Natural 
Oas. 
V.  Production    of    Petroleum, 
Natural  Gas,  and  Ozokerite. 
VI.  Tbe  Refining  of  Petroleum. 
VII.  Tbe  Sbale  OU  and  AlUed  In- 
dustries. 

"  The  MOST  C0MPRBHEN8IVR  AMD  COMYENIBNT  ACCO0KT  that  has  yet  appeared 
of  a  gigantic  industry  which  has  made  incalculable  additions  to  the  comtort  of 
civilised  man.    .    .     .    The  chapter  dealing  with  the  arrangement  for  storaob 
and  TRAifSPORT  of  great  pkactioal  interest.    .    .    .    The  digest  of  legis- 
lation on  the  subject  cannot  but  prove  of  the  greatest  utility." — The  Times, 

**  A  splendid  contribution  to  our  technical  literature.''— CAemicoZ  Aieioa 

"This  THOROUGHLY  STANDARD  WORK  ...  in  every  way  excellent 
.  .  most  fully  and  ably  handled  .  .  .  could  only  have  been  produced' 
by  a  man  in  the  very  exceptional  position  of  the  Author.  .  .  .  Indispen- 
sable to  all  who  have  to  do  with  Fetroleum,  its  applications,  manufacture, 
STORAGE,  or  transport."— Jlfiwin^  Journal. 

"  We  must  concede  to  Mr.  Redwood  the  distinction  of  having  produced  a 
treatise  which  must  be  admitted  to  the  rank  of  the  indisfensables.  It  con- 
tains the  last  word  that  can  be  said  about  Petroleum  in  any  of  its  scientipio, 
technical,  and  legal  aspects.  It  would  be  difficult  to  conceive  of  a  more 
comprehensive  and  explicit  account  of  the  geolc^cal  conditioDs  associated  with 
the  SUPPLY  of  Petroleum  and  the  very  practical  question  of  its  amount  and 
duration." — Journal  of  Ocu  Lighting, 
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MINE-SURVEYING    (A    Treatise    on). 

For  the  use  of  Uanagen  of  Mines  and  Coliierieet  Studente 
at  the  RoyaJ  Sohool  of  Mines,  Sa. 

By    BENNETT   H.    B  ROUGH,    F.G.S.,   Assoc.R.S.M., 

Formerly  Instructor  of  Mine-Sunreyinf ,  Royal  School  of  MioM. 

Seventh  Edition,  Enlarged  and  ReTised.     With  Numerous  Diagrams. 

Cloth,  7S.  6d. 

General  Contents. 

General  Explanations — Measurement  of  Distances — Miner's  Dial — Variation  of 
the  Magnetic-Needle — Surveying  with  the  Magnetic-Needle  in  presence  of  Iron — 
Surveying  with  the  Fixed  Needle — German  Dial — Theodolite — Traversing  Under- 
ground—-Surface-Surveys  with  Theodolite — Plotting  the  Survey— Calculation  of 
Areas — Levelling — Connection  of  Underground-  and  Surface-Surveys-— Measuring 
Distances  by  Telescope — Setting-out — Mine-Surveying  Problems — Mine  Plans — 
Applications  of  Magnetic-Needle  in  Mining — Photographic  Surveying — Afptndices, 


M 


Has  rKOVKD  itself  a  valuable  Text-book ;  the  bust,  if  not  the  only  one,  in  the  Eaj^lish 
language  on  the  subject."— J/rnm/'^Mvnta/. 

'*  No  English-speaking  Mine  Agent  or  Mining  Student  will  consider  his  technical  library 
complete  without  if — Natun. 

**A  valuable  accessory  to  Surreyon  in  every  department  of  commercial  enterprise. 
Fully  deserves  to  hold  its  position  as  a  standard.'  —  C<7//trry  Guardian. 


In  Large  Svo,  with  Illustrations  and  Folding-Platcs.     los,  64. 
AND    THE    USE    OF    EXPLOSIVES. 

A  Handbook  for  Engineers  and  others  Engaged  in   Mining. 

Tunnelling,  Quarrying,  &c. 

By  OSCAR  GUTTMANN,  Assoc,  M.  Inst.  C.E. 

eitmber  of  th*  Socuius  of  Civil  Engineort  a$td  ArckitecU  of  Vitnna  and  Budapest, 
Corresponding  Member  oftfu  Imp.  Roy.  Geological  Institution  ^Austria,  ^c. 

General  Contents.— Historical  Sketch— Blasting  Materials— Blasting  Pow- 
der— Various  Powder-mixtures — Gun-cotton — Nitroglycerine  and  Dynamite — 
Other  Nitro-compoimds — Sprengel's  Liquid  (acid)  Explosives  —Other  Means  of 
Blasting — Qualities,  Dangers,  and  Handling  of  Explosives — Choice  of  Blastiikg 
Materials — Apparatus  for  Measuring  Force — Blasting  in  Fiery  Mines — Means  m 
Igniting  Charges — Preparation  of  Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Charging  of  Bore-holes — Determination  of  the  Charge — Blastmg  in  Bore- 
holes— Firing — Straw  and  Fuze  Firing — Electrical  Firing — Substitutes  for  Electrical 
Firing — Results  of  Working — Various  Blasting  Operations — ^Quarrying — Blasting 
Masonry,  Iron  and  Wooden  Structures — Blasting  in  earth,  under  water,  of  ice,  &c. 

**  This  ADMiKABLB  wofk."— Ce>//tf«ry  Guardian. 

**  Should  prove  a  vade-mocum  to  Miniag  Engineers  and  all  engaged  in  practical  work. 
"•Iron  and  Coal  Treuies  Rex>iew. 

LONDON :  CHARLES  QRIFFIN  ft  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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NEW  YOLUHE  OF  GRIFFIN'S   MINING  SERIES. 

JBdited  by  C.  Lfi  NEVE  FOSTER,  D.So.,  F.R.S., 
H,M.  /nspeetor  of  Mines,  Prof9»aor  of  Mining,  Royal  School  of  MInoM. 


line  Accounts  and  Ining  Book-keeping, 

A  Manual  for  the  Use  of  Students,  Managers  of  Meta)m0rQUs- 

Mines  and  Collieries,  Secretaries  of  Mining  Companies, 

and  others  interested  in  Mining. 

With  Nuribrous  ExAmPLss  taken  prom  the  Actual  Practick. 
OF  Leading  Mining  CompANiES  throughout  the  world. 

BY 

JAMES  GUNSON  LAWN,  A»8oc.R.8.M.,  A880C.M6m.Inst.C.E.,  P.G.S., 
Professor  of  Mining  at  the  Sonth  African  School  of  Mines,  Oapetown. 

Kimherley,  and  Johannasbnrg. 

In  Large  Svo,     Price  L0<.  6d. 

GENERAL  CONTENTS.— Intpoduetion.  Part  I.  Bnffaflrement  and  Payment  of 
Workmen— Data  Determlnlnie  Gross  Amount  dae  to  Workmen— A.  tenffth  of  Time  WoriLad 
—  Orertime— B.  Amoaiit  cf  Work  done— Sinking  and  DrlTine— Exploitation— (Gliding  Scales— 
Modiflcatious— C.  Value  of  Mineral  gotten— Deductions— Pay-Sheet\  Dne^Bllls,  and  Pay- 
Tioketa  Part  II.  Purchases  and  Sales— Purchase  and  Distribation  of  Stores— Books  and 
Forms  Relating  thereto— Sales  of  Product— Methods  of  Sale— Contract— Tender— DeliTery  o^ 
and  Payment  for.  Mineral— Tin  Ore— Coal -Slker  Ore— Oold  Ore  Part  III.  Working 
Summaries  and  Analyses  -  Summaries  of  Minerals  Raised.  Dressed,  and  Sold;  and  of 
Labour— Analyses  of  Costs— Accounts  Forwarded  to  Head  Office.  Part  IV.  Ledger,  Bal- 
ance Sheet,  and  Company  Books— Head  Office  Books— Ledger— Principal  Accounts  of 
a  Mining  Company— Capital  Account- Sale  and  Purchase  Accounts— Capital  Expenditure- 
Personal— Stores- Wa^es  Account— Bad  Debts  Account— Cash  Account— Bills  Receivable  and 
Payable  Account— Discount  and  Interest  Account— Product  Account— Working  Accounts- 
Profit  and  Loss  Account— Journal -Inrentory- Balance  Sheet -Bibllograj^iy— Redemption  of 
Capital— 1.  Debentures— 3.  Sinking  Fund— A.  By  Equal  Annual  Sums-B  By  Annual  Sum 
varying  according  to  a  Formula— C.  By  Annual  Sum  depending  on  Mineral  worked— 9.  En- 
larged Dividends  or  Bonuses— Depreciation— Reserve  Fund— BiblioRrapby— General  Consider- 
ations and  Companies  Books— Private  Individuals— Prirate  Partnership  (^mpauies— Cost-book 
Companies— Limited  Liability  Companies— Stocks  and  Shares— Debentures— Books  connected) 
with  Shares— Miscellaneoos  Books— Bibliography.  Part  V.  Reports  and  Statistics- 
Inspections  of  Workings  and  Machinery— A.  Colliery  Reports,  Ac— Inspections— Report  Books- 
— Measurement  of  Ventilating  Currents— Permits  to  fire  Shots  and  carry  Safety  Lamp  Key— 
B.  Ore  Mine  Reports.  Ac— C  Miscellaneous  Reports.  J^— Reports  of  Mining  Companies- 
Managers*  Reports— Diagrams-Tabular  Statementa— Reports  of  Directors- Reports  of  Cost- 
book  Mines— Mining  Statistics— Great  Britain— Other  Countries— Bibliography. 

**  It  seems  dcpobsibls  to  suggest  how  Mr.  Lawk*8  book  could  be  made  more  oomplbtk  or 
more  valuable,  carefhl,  and  exhaoBtivB.''— Accountants'  Magatint. 

'*Mb.  Lawn's  book  should  be  found  of  okbat  csb  by  Mihb  Skobbtabibs  and  Mm. 
Mavaobbs.  It  consists  of  five  Parts.  Pakt  1  is  devoted  to  the  engagement  and  payment  of 
workmen,  and  contains  forms  of  contracts  and  pay  sheets  of  various  descriptions  in  use  by 
Mining  Companies  in  England  and  Sonth  Afiira.  Special  reference  is  made  to  pay  sheeto  and 
forms  employed  by  the  Db  Bbbbs  Consolidatbd  Mines,  to  the  General  Manager  and  the  late- 
Secretary  of  which  Company  the  author  is  indebted  for  the  particulars  given.  Pabt  3  is  taken 
up  by  a  description  of  books  and  forms  relating  to  the  purchases  of  Stores,  d(c,  and  to  sales  of 
the  Products  of  the  mines.  Pabt  8  Is  the  most  Important  section  of  the  book,  containluff  in- 
structive details  of  the  manner  of  obtaining  summaries  of  Working  Expenditure  and  Analyses 
of  Costs.  The  forms  used  in  this  connectlen  by  the  De  Beers  Company  are  shown  in  exUnto. 
Pabt  4  consists  of  the  Bookkeeping,  properly  no-oalled,  of  a  mining  company.  Ail  details- 
concerning  the  ledger,  journal,  and  other  books,  and  the  principal  working  accounts  of  a  mine 
are  given.  There  are  some  very  Interesting  formulie  In  this  section,  showing  the  manner  in 
which  the  capital  of  a  company  should  be  rkdrrvbd  and  bbpaio  to  its  Shareholders. 
According  to  this  manual  there  are  three  wayK  In  which  this  extremely  desirable  end  may  be 
arrived  at  .  .  .  The  book  is  published  at  half  a  guinea,  a  price  low  enough  consldMln^ 
the  amount  of  infbrmation  and  Instruction  set  forth.**— Johanrutburg  Star, 
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Third  Edition.    With  Foldipg  PUtas  uid  Mmijt  mqttmtioni. 
Large  8vo.    Handsome  Cloth.    368. 

ELEMENTS    OF 

Metallurgy 

A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTING  METALS 

FROM  THEIR  ORES. 


BY 


J.  ARTHUR  PHILLIPS,  M.Iwst.C.E.,  F.C.S.,  P.G.8.,  Ac. 

AND 

H.  BAUERMAN,  V.P.G.S. 


GENERAL    CONTENTS. 


Refractory  MateriaU. 

Fire-OlayB. 

Fuel%  Jcc. 

Aluznininin. 

Copper. 

Tin. 


I        Antimony. 
Arsenic 
2iinc. 
Mercuiy. 
Bismatn. 
Lead. 


I       Lron. 
Cobalt. 
Kickel. 
SilTer. 
Gold. 
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\*  Many  hotiblb  additxonb,  dealing  with  new  Procesaee  and  DeTelopmentii 

will  be  found  in  the  Third  Edition. 

'*  Of  the  Third  Edition,  we  are  still  able  to  say  that,  as  a  Text-book  ol 
Metallnigy,  it  is  thb  best  with  which  we  are  acquainted.  *'—.^^mefr. 

'*  The  Talne  of  this  work  is  almost  inetiifnabU.  There  can  be  no  qnestion 
that  the  amount  of  time  and  labour  bestowed  on  it  is  enormous.  .  .  .  There 
is  certainly  no  Metallurgical  Treatise  in  the  language  caloolated  to  proTe  of 
sueh  general  utility."— JlftRtfi^  Journal, 

"  In  this  most  useful  and  handsome  Tolume  is  condensed  a  large  amount  of 
Taluable  practical  knowled|?e.  A  careful  study  of  the  first  division  of  the  book, 
on  Fuels,  will  be  found  to  be  of  great  value  to  every  one  in  training  for  the 
practical  applications  of  our  scientific  knowledge  to  any  of  our  metallurgical 
operations. " — A  then<eum, 

"  A  work  which  is  equally  valuable  to  the  Student  as  a  Text-book,  and  to  the 
practical  Smelter  as  a  Standard  Work  of  Reference.  .  .  .  The  lUustratioBi 
are  admirable  examples  of  Wood  Engraving.*' — Chemical  Newt, 
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Fourth  Edition,  Revised  and  Enlarged.     Price  15s. 

AN  INTRODUCTION  TO  THE  STUDY 

OP 

METALLURGY. 

BY 

Sir  W.  ROBERTS-AUSTEN.  K.C.B.,  D.C.L.,  F.R.S.. 

Associate  of  the  Royal  School  of  Mines ;  Chemist  and  Assayer  of  the  Royal 
Mint ;  Professor  of  Metallurgy  in  the  Royal  College  of  Science. 

In  Large  8vo,  with  numerous  Illustrations  and  Micro- Photographic  Plates 

of  diflferent  varieties  of  Steel. 


GENERAL    CONTENTS 


The  Balation  of  XotaUnrgy  to  Chem- 

iitiy. 
Phjnioal  Proportiif  of  Motela. 
Alloyi. 

The  Thermal  Treatment  of  Ketalf. 
Pnel  and  Thermal  Measnrementa. 
Materialt  and  Prodacta  of  Ketallnr- 

gioal  Procesioi 


Fumaoes. 

Xeani  of  Supplying  Air  to  For- 


Thermo-Chemistry. 

Typioal  MetaUnrgieal  ProooMOi. 

The  Kiero-Straetare  of  Metala  and 

Alloys. 
Eoonomie  Considerations. 


"  No  English  text-book  at  all  approaches  this  in  the  complbteness  with 
which  the  most  modem  views  on  the  subject  are  dealt  with.  Professor  Austen's 
volume  will  be  invaluable,  not  only  to  tlie  student,  but  also  to  those  whose 
knowledge  of  the  art  is  far  advanced." — Chemical  News, 

**  Invaluable  to  the  student  .  .  .  Rich  in  matter  not  to  be  readily  found 
elsewhere. " — Atkenteum, 

'*  This  volume  amply  realises  the  expectations  formed  as  to  the  result  of  the 
labours  of  so  eminent  an  authority.  It  is  remarkable  for  its  originalitt  of  con- 
ception and  for  the  large  amount  of  information  which  it  contains.  .  .  .  We 
recommend  every  one  who  desires  information  not  only  to  consult,  but  to  studt 
this  work." — Engineering, 

**  Will  at  once  take  feont  rank  as  a  text-book."— 5ft0urtf  amd  Art, 

*'  Prof.  Roberts-Austen's  book  marks  an  epoch  in  the  history  of  the  tfaching 
of  metallurgy  in  this  country." — Industries, 
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Third  Edition.    Rerised  and  Enlarged.    Handsome  Cloth.    21b. 

THE  METALLURGY  OF  GOLD. 

BT 

T.  KIRKE  ROSE,  D.ScLond.,  Assoc.RS.M., 

A$8i8Uini  Atsaytr  qfthe  Royal  Mini, 

Revised  and  partly  Re-writfcen.      Including   the  most  recent  Improre- 

ments  in  the  Cyanide  Process.     With  Frontispiece 

and  numerous  Dlastrations. 


aENBRAI#    CONTENTS. 


The  Properties  of  Gold  and  its  Alloys. 

Chemistry  of  the  Compounds  of  Ctold. 

Mode  of  Ooonrrenoe  and  Distribution 
of  Gold. 

Placer  Mining. 

Shallow  Deposits. 

Beep  Placer  Mining. 

Quarts  Crashing  in  Um  Btamp  Battery. 

AmalgaaaUon  in  the  Stamp  Battery. 

Other  Forms  of  Omshlng  and  Amal- 
gamating Machinery. 

Concentration  in  Btamp  Mills. 

Stamp  Battery  Practice  in  partionlar 
Localities. 


Chlorination:  The  Preparation  of  Or» 

for  Treatment. 
Chlorination:  The  Vat  Prooess. 
Chlorination:  The  Barrel  Process. 
Chlorination    Practice  in  partienlar 

Mills. 
The  Cyanide  Prooess. 
Chemistry  of  the  Cyanide  Prooess. 
Pyritie  Smelting. 
The  lUSniiig  and  Parting  of  Gold. 

Bullion. 
The  Assay  of  Gold  Ores. 
The  Assay  of  Gold  Bullion. 
Economic  ConsideraUons. 


Bibliography. 

"  A  ooMPHXHKKSiVB  PRAOTiOAL  TBBATI8B  on  this  Import&nt  subjeot."— 2^  Tima. 

**Th«  Moer  oomplbtb  dMeriptioB  of  th«  OHLOBivATioir  PBOoua  whieh  bM  yet  b«Mi  pab- 

**  Dr.  Bon  ninad  his  aqMrienoe  in  tb«  Western  Statss  of  Amarica,  bnt  hs  bM  seeorad 
dstfttls  of  gold-worfedng  from  alx.  pabts  of  the  world,  and  thepe  should  b«  of  OBiiT  bbkticb- 
to  practiosl  men.  .  .  .  The  four  ohapters  on  Chlorination^  written  from  the  point  of  Tiew 
kliie  of  the  praotieal  man  and  the  ohemist,  nnc  wm  oomiDSBAnoire  hrbxsto  mrnBooe- 
iriSBn,  and  eonstitnte  an  addltlen  to  the  literature  of  Metallurgy,  which  will  prove  to  be  ef 
olaseieal  Talne."— ilTaliirc. 

**  Adapted  for  all  who  are  interested  in  the  Gold  Mining  Industry,  being  free  frooi  tech- 
nioalltiee  as  far  as  possible,  bat  is  more  particularly  of  ralue  to  those  engaged  in  the- 
Industry—vix.,  mill-managers,  reduotion-offlcero,  <fto.**-^{%ipe  IVumi. 
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THE  METAILDR6Y  OF  IRON. 

By  THOMAS  TURNER,  Assoc.RS.M.,  F.I.C., 

DtrtctoT  of  Technical  Jnttrttction  to  the  Stafardthire  County  CounciL 

Im  Lulob   8to,  EUndsomb   Cloth,   With   Numerous   Illustbatiomb 

(makt  fbom  Photographs).     Pbiob  168. 


Gineral  Coni$nU.-^EKt\j  History  of  Iron.-^Modem  History  of  Iron.— The  Age  of  Steel. 
—Chief  Iron  Ores.— Preparatton  of  Iron  Ores.— The  Blaat  Furnace.— The  Air  nsed  In  the 
Blast  Fornaoe.— Beactions  of  the  Blast  Famace.— The  Fuel  need  in  the  Blast  Famace.— 
Slags  and  Fazes  of  Iron  Smelting.— Properties  of  Cast  Iron.— Foundry  Practice.— Wrought 
Iron.— Indirect  Production  of  Wrought  Iron.— The  Puddllnc  Process.— Farther  Treatment 
of  Wrought  Iron.  >- Corrosion  of  Iron  and  Steel. 

"  A  MOflnr  YALUABLX  suMXART  of  knowledge  relating  to  every  method  and  etage 
in  the  mannfactore  of  cast  and  wrought  iron  .  .  .  rich  in  chemical  details.  .  .  . 
ExHAuniTR  and  thorouohlt  ur-To-DATX.*'— .Bv^^ettn  of  the  American  Iron 
and  Steel  Atioeiation. 

*'  This  is  A  drliortful  book,  giving,  as  it  does,  reliable  information  on  a  subjeoi 
becoming  every  day  more  elaborate.**— C7o/2t«r^  Guardian, 

"A  THOBOUOHI4T  uasFUL  BOOK,  which  brings  tJhe  subject  UF  to  date.  Of 
ORKAT  TALUK  to  those  engaged  in  the  iron  indost^.** — Mining  Jounwl, 
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THE    METALLURGY    OF    STEEL. 

By  P.  W.  HARBORD,  AssocRS.M.,  F.I.C. 


Beady  Shortly^  Important  New  Work, 

THE  METALLURGY  OF  LEAD  AND  SILVER. 

By  H.  F.  COLLINS,  Assoc.R.S.M.,  M.Inst.M.M. 
In    Two    Volumes,    Each    complete    in    Itself. 

Part     I.—Ta  SAD. 

A  Complete  and  Exhaastive  Treatise  on 
THE     MANUFACTURE     OF     LEAD, 

WITH  SECTIONS  ON 

SMELTING     AND     DESIL  V  ER  IS  ATION, 
And  Chapters  on  the  Assay  and  Analysis  of  the  Materials  Involved. 

To  be  followed  by  the  Companion-Volume  (Part  II.)  on  SILVER. 
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ASSAYING   (A   Text-Book   of): 

For  th9  VM  of  StudenU,  Mino  Uanagora,  Aaoayers,  de. 
Bv  J.  J.  BERINGER,  F.I.C.,  F.C.S., 

Tublic  Analyst  for,  and  Lecturer  to  the  Miaiac  Amociatioa  of,  ComwnlL 

And  C.  BERINGER,  F.C.S., 

Late  Chief  Aatayer  to  the  Rio  Tinto  Copper  Company,  Loodoa, 

Wkh  numerous  Tables  and  Illustrations.      Crown  8to.      Cloth,  10/6. 

Fifth  Edition;  Revised. 

General  Contents.  —  Part  I.  —  Introductory  ;  Manifolation  :  Sampiinf ; 
Drying ;  Calculation  of  Results— Laboratory-books  and  ReporU.  Methods  :  Dry  Gmvi- 
flietnc;  Wet  GraTimetric— Volumetric  Assays:  Titrometnc,  Colorimetric,  Gasomelrio— 
Wetchtag  and   Measuring — Reas«ats— Formula,  Equations,  &c. — Specific  Gravity. 


Part  II. — Metajls  :  Detection  and  Assa^  of  Silver,  Gold,  Platinum,  Mercury, 
d,  Thallium,  Bismuth.  Antimony,  Iron,  Nickel,  Cobalt,  Zinc,  Cadmium,  Tin,  Ti 
Titanium,  Manganese,  Chromium,  ftc.— Earths,  AUcalies. 

Part  III.— Non-Metals  :   Oxygen  and  Oxides;    The  Halocena— Sulphur  and   Sul- 
phates— ^Anenic^  Phosphorus,  Nitrogen — 3licon,  Carbon,  Boron — IJseful  Tables. 

"A  RSAiXY  meritorious  wobk,  that  may  be  saliely  depended  upon  either  for  systematic 
amMmtcdan  or  for  reference." — Nmhtrt. 


*'This  work  is  one  of  the  best  of  its  kind.     .    .     .     Contains  all  the  information  that 
the  Assay er  will  find  necessary  m  the  examinatieu  •£  adnecais. *—  Emgimter. 

Handsome  ClotK     With  Numerous  Illustrations.    6s, 

ELEMENTARY   METALLURGY 

(A   TEXT-BOOK   OP). 
Including  the  Author's  Paagtical  Laboratokt  Coubsb. 

By    a.    HUMBOLDT    SEXTON,    F.I.G.,  F.C.S., 

Profesior  of  Metallnrgjr  in  the  Glasf^w  and  West  of  Scotland  Technical  College. 

GENERAL  CONTENTS.— Introduction— Properties  of  the  Metals— Combustion 
— Foels— Refractorj  Materials— Furnaces— Occurrence  of  the  Metals  in  Nature— Pre- 
paration of  the  Ore  for  the  Smelter— Metallurgical  Processes  Iron :  Preparation  of 
Pie  Iron— Malleable  iron— Steel— Mild  Steel— Copper— Lead— Zinc  and  Tin— bilTsr 
—Gold — Mercury — Alloys — Applications  of  Electrioitt  to  Metalluxgy — Labora- 
tory GouBSB  WITH  Numerous  Practical.  Exercises. 

**  Just  the  kind  of  work  for  Students  oommencinq  the  study  of  Metal- 
lurgy, or  for  Enoiveerino  Students  requiring  a  general  knowledge  of  it.  or 
for  Engineers  in  practice  who  like  a  handt  wore  of  repbrencb.  To  all  tnrse 
classes  we  hbartilt  commend  the  work." — Practical  Engineer. 

**  Exobllbntlt  got-up  and  well-arranged.  .  .  .  Iron  and  copper  well 
explained  bj  excellent  diagrams  showing  the  stages  of  Uie  process  from  start  to 
finish.  .  .  .  The  most  novel  chapter  is  that  on  the  many  changes  wrought 
in  Metallurgioal  Methods  by  Electrioitt."— C7A«mioa/  Trade  JoumaL 

"  Possesses  the  great  advantage  of  giving  a  Course  of  Practical  Work." 
— Mining  JoumaL 
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In  large  Svo.     With  Numerons  Illustrations  and  Three  Folding-Plates* 

Price  21s. 

ELECTRIC  SIELTIM  &  REPinU&t 

A  Practical  Manual  of  the  Extraction  and  Treatment 
of  Metals  by  Electrical  Methods. 

Being  the  "Elektro-Metalluroib"  of  Dr.  W.  BORCHERS. 

Translated  from  the  Second  Edition  hy  WALTER  G.  McMILLAN, 

F.I.Ct  F.C.S., 

Secretary  to  ths  InttUution  of  BUetrieal  Engineert;  late  Lecturer  in  UetaUurgy 

at  MoMm  College^  Birminjham. 


CONTENTS. 

Part  I. — Alkalies  and  Alkaline  Earth  Metals:  Magnesium^ 
Lithium,  Beryllium,  Sodium,  Potassium,  Calcium,  Strontium,  Barium, 
the  Carbides  of  the  Alkaline  Earth  Metals. 

Part  II. —The  Earth  Mbtals:  Aluminium,  Cerium,  Lanthanum^ 
Didymium. 

Part  III. — The  Heavy  Metals  :  Copper,  Silver,  Gold,  Zinc  and  Cad- 
mium, Mercury,  Tin,  Lead,  Bismuth,  Antimony,  Chromium,  Molybdenum, 
Tungsten,  Uranium,  Manganese,  Iron,  Nickel,  and  Cobalt,  the  Platinum 
Group. 

"  Comprehensive  and  AVTHORrrATivB  .  .  .  not  only  full  of  valuable  vxroB,- 
MATiON,  but  give<  oTidenceof  a  thorough  insioht  into  the  technical  value  and 
POSSIBILITIES  of  all  the  methods  d\acxuBed"—The  JBleetrician. 

"  Dr.  BOROHERS'  WELL-KNOWN    WORK     .     .     .     must  OF  NECESSITT  BE  AOQUIRBD  by 

eveiy  one  interested  in  the  subject.    Excellently  put  into  English  with  additional 
matter  by  Mr.  McMillan."— ^aetjr«. 

"  Will  be  of  GREAT  SERVICE  to  the  practical  man  and  the  Student."— l^etWe  Smelting, 


In  Large  8vo.     Handsome  Cloth.     Price  4s. 

QUANTITATIYE  METALLURGICAL  ANALYSIS. 

FOR   LABORATORY   USE. 
By  J.  JAMES    MORGAN,  F.O.S., 

Member  80c.  Chem.  Indiutry,  Member  Cleveland  Institute  of  Engineers. 

Summary  of  Contents. — Iron  Ores.— Steel.— Limestone,  &c. — Boiler  In- 
crostations,  Clays,  and  Fire-bricks.— Blast  Furnace  Slag,  kc — Coal.  Coke, 
and  Patent  Fuel— -Water.— Gases.— Copper.— Zinc.— Lead.— Alloys.— White 
Lead. — Atomic  Weights. — ^Factors.— Reagents,  &c. 

%*  Tbe  above  work  co'ttaias  several  novbl  tbatobbs,  notably  the  i  xtension,  to  qoantf- 
tatlve  analysis,  of  the  PBnfcin.its  ov  'Gbodp*  8epabatioh8,  hitherto  chiefly  confined  to 
QnalitatiTe  ^ork,  and  will  be  foand  to  paciutatb  obbatlt  the  operations  of  Ghsmists, 
A^SAYKKs,  and  others. 
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Second  Edition  at  Press. 

ELECTRO-METALLURGY 

(A  TREATISE  ON): 

Embraoing  the  Application  of  Electrolysis  to  the  Plating,  Depositing, 
Smelting,  and  Refining  of  Tarious  Metals,  and  to  the  Repro- 
duction of  Printing  Snr&ces  and  Art- Work,  kt, 

BY 

WALTER  G.   McMillan,   P.I.C.,   F.C.S. 
With   numerous   Dlnstrations.        Large    Crown    8vo.        Cloth. 

"This  excellent  treatise,  .  .  .  one  of  the  bkst  and  most  complete 
manuals  hitherto  published  on  Electro-Metallurgy.  ">-i?/e«<r{ca/  Revmo. 

"  This  work  will  be  a  sftasdaxd,"— Jeweller. 

"Any  metallurgical  process  which  bbducsb  the  cost  of  production 
must  of  necessity  prove  of  great  commercial  importance.  .  .  .  We 
recommend  this  manual  to  all  who  are  interested  in  the  pbactical 
▲PPLICATIOK  of  electrolytic  processes." — Nature. 


Large  Crown  8vo.     Cloth,  8s.  6d. 

The  Art  of  the  Goldsmitli  and  Jeweller 

A  Manual  on  the  Manipulation  of  Gold  in  the  Various 
Processes  of  Goldsmith's  Work,  and  the  Manu- 
facture of  Personal  Ornaments.    For 
Students  and  Praetieal  Men. 

By    THOS.    B.    WIGLEY, 

Headmntter  of    the  JevsUen  and    SilTeramitlis'  Association  Technical 

School,  Binninghain. 

ASSISTED  sr 

J.    H.    STANSBIE,    B.Sc.  (Lond.),    F.LO., 

Lecturer  at  the  Birmingham  Municipal  Technical  School. 
In  Large  Crown  8vo.     With  Numerous  Illustratums. 

Qeneral  Con'Mto.— iDtroduction.— The  Ancient  Ooldnnitb's  Art.— Tbe  Metallnnx  of  Gold. 
—Prices  or  Gold,  Silver,  &c  — PrejMratiun  of  Allnys.- MeltinR  of  Gold.— Rolliug  ana  Slittiny  of 
Qold.-^The  Workifaop  snd  Tot^s.-'Flliffree  Wire  Drawiiiff  —Manufacture  of  Personal  Onoments. 
— Flogsr  Kinn.— Mounting  and  Seiting.— Mayural  Chains  :nd  Civic  Insignia.— Antique  Jewel- 
lery and  its  Bevival.— E^scan  Woric.- Manufacture  of  Gold  Chains.— PaBOioos  Stoxbs.— 
Cutting  Diamonds  and  other  Precious  Gems.— Polishing  and  Finishing  —Chasing,  Embossing, 
and  Bepouss^  Work.— The  Colouring  and  Finishing  of  Articles  of  Jewellery.— "^namelling:  Its 
Hi>*tory.  Processes,  and  Applicability.— Heraldic  Distinctions  and  Armorial  Bearings.— Engraving: 
its  Ori^,  History,  and  Procpsses.— Moulding  and  Casting  of  Ornaments,  &c— Fluxes,  Ac  — 
Becoveiy  of  the  Precious  Metals  from  th«  Waste  Pr  ducts.— Refining  Seme!  and  Assaying  Semel 
Bars.— Gilding  and  Electro  Deposition.— Hall-Mark!ng  Gold  and  Silver  Plate.— MlsceHaneom 
ITseAil  Information.— Appendix :  Technological  Examinations. 
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70  OHARLBa  QRIFFIN  <fc  00,'8  PUBLICATIONS. 

INORGANIC  CHEMISTRY 

(A  SHORT  MANXTAL  OF). 

BY 

A.   DUPRE,  Ph.D.,  F.R.S., 

AND 

WILSON    HAKE,  Ph.D.,  F.I.C.,  F.CS., 

Of  the  WotmiiiMer  Hospiud  Medical  School 

Second  Edition,  Rerised.      Crown  8to.      Cloth,  78.  6d. 

"  A  weD-written,  clear  and  accurate  Elementarr  Manual  of  Inorganic  Chcmiatry.  .  .  .. 
We  agree  heartily  with  the  system  adopted  by  Drs.  Dupr<  and  Hake.  Will  make  Experi- 
mental WOKK  TKBSLY  INTEXBSTIMG  BECAUSE  INTELUGIBLB."— k7«#Mniikj'  RtVUVt. 

"There  is  ho  question  that,  giTen  the  pexvbct  GKOinrDiNC  of  U»e  Student  in  his  Sdcaaos 
the  wanainder  comes  afterwards  to  ham  in  a  manner  much  more  simple  and  easily  ■rqiiiiW 
The  work  is  ak  example  op  the  advantages  op  the  Systematic  Tkeatment  of  » 
Sdancc  over  the  fragmentarr  style  so  generally  followed.    By  a  long  way  the  best  of  the- 
Mnall  Manuals  for  StuAMUr—AMoljst. 


LABORATORT  HANDBOOKS  BT  A.  HUMBOLDT   SEXTON^ 

Professor  of  Metallargy  in  the  Ghlasgow  and  West  of  Scotland  Teohnloal  Oollege. 


Sexton's  (Prof.)  Outlines  of  Quantitative  Analysis. 

FOR  THE  USE  OF  STTUDENTS, 

With  lUustratioiui.     Fouath  Bdition.    Crown  8yo,  Cloth,  38. 

"  A  ooMPAGT  LABOBATOBT  ouiDK  for  begioBers  was  wanted,  and  the  want  hi*, 
been  wbll  sufplibo.    ...    A  good  and  oBefdl  book.*' — Laivcet, 


Sexton's  (Prof.)  Outlines  of  Qualitative  Analysis. 

FOR  THE  USE  OF  STUDENTS, 
With  ninstrationB.   Thibd  Edition.    Crown  8yo,  Cloth,  Ss.  6d. 


li 


The  work  of  b  thoronghly  practical  chemist"— BrttuA  Medical  Journal. 
"  Compiled  witii  great  oare,  and  will  supply  a  want*'— ./otimaZ  ofEdtuxtUon^ 


Sexton's  (Prof.)  Elementary  Metallurgfy: 

Including  the  Author's  Practical  Laboratory  Coarse.      With  many 

lUustrationB,  Gs.  [See  p.  66. 

"  Jnst  the  kind  of  work  for  students  commencing  the  study  of  metallurgy. " — 
PrcieUcal  Engineer. 
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CHEMISTRY    FOR    ENGINEERS 
AND    MANUFACTURERS. 

A  PRACTICAL  TEXT-BOOIL 

BY 

BERTRAM   BLOUNT,    and  A.  G.  BLOXAM, 

F.I.O,  F.C.8.,  AMoe.Inst.C.£.,  F.I.O..  F.G.8.. 

Oontultlng  Chemist  to  the  Crown  Agents  for  Consulting  Chemist,  Heed  of  the  Chfmistiy 

the  Colonies.  Department.  Goldsmiths'  Inst.. 

NewCi 


With  lUaBtrations.     In  Two  Vols.,  Large  8vo.     Sold  Separately. 


"Tlie  authors  have  sdogrkdbd  beyond  all  expectation^  and  hare  produced  a  work  which 
should  gire  FSBSH  POWBA  to  the  Engineer  and  Manufacturer."— 2^  Timu. 


CHEMISTRY  OF  ENGINEERING,  BUILDING,  AND 

METALLURGY. 

Of^eral  ContenU—lSTBLODUCTlOH—Chetnlatry  of  the  Chief  Materials 
of  Ctonatmction— Souroes  of  Energy— Chemlatry  of  Steam-ralalng— Chemla- 
try  of  Lnbrleatlon  and  Lnhrloaats— Metallnxglcal  ProeewMe  used  In  the 
Winning  and  Manufacture  of  Metals. 

"Practical  TBRoronouT  .  .  an  admirabli  tbxt-book.  useftti  not  only  to  Students, 
hut  to  Enuihbbu  and  HxitaoiBg  or  works  in  p&insTi50  waste  and  improtli o  procbssm."— 
Bcottman. 

"EnlirUTTLT  P&ACflOA.l>''~(?I««90«P  EtttOd, 

"A  book  worthy  of  HiOH  RA9K  .  .  .  its  merit  is  great  .  .  .  treatment  of  the  suhfeet 
ofOASioiM  ruBL  partienlariy  good.  .  .  .  Water  qas  and  the  production  clearly  worked  out. 
.  .  .  Altogether  a  most  eredttable  produetlon.  Wb  waemlt  RRcoaHBiiD  it,  and  look  forward 
with  keen  interest  to  the  appearance  uf  Tol.  IL"— Journal  q^  Gat  lAgksino. 

THE    CHEMISTRY    OP   MANUFACTURING 

PROCESSES. 

Oeneral  (7on^^2«.  — Sulphurlo  Acid  Manufacture— Manuflaoture  of  Allcall, 
Ho.— DestructlTe  Distillation -Artificial  Manure  Manufacture— Petndeum 
_Ilme  and  Cement— Olay  Industries  and  Glass— Sugar  and  starch— Brewing 
and  DistUllng— Oils,  Resins,  and  Varnishes— Soap  and  Candles— Textiles 
and  Bleaching  —  Colouring  Matters,  Dyeing,  and  Printing  —  Paper  and 
Pasteboard— Pigments  and  Paints- Leather,  Olue,  and  81se— ExploslTeB 
and  Matches— Minor  Chemical  Manufactures. 

"  Certainly  a  oood  and  DSKroL  book,  constituting  a  pbaotical  ooidb  for  studonta  by 
affording  a  cfeAr  eoncepUon  of  the  numerous  processes  as  a  whole."— CA«miea/  TVooii 
Journal. 

"We  coNFmBVTLT  sbooioibbd  this  Tolume  as  ft  practioal,  and  not  overloadad, 
nzi^BOOK,  of  qbbat  valub  to  students."— 7%<  Birildtr. 
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f*         OBAMLMs  ournxr  a  00.'B  publioatjoitm, 
WORKS  BT  A.  WYNTER  BLTTH,  M.R.C.S.,  F.C.S., 

Bwrkter^Lftw,  Public  Analyst  for  the  County  of  Devon,  and  Medical  Oflloer  of  Health  far 

81  Marylebone. 

FOODS: 

THEIR  COMPOSITION  AND  ANALYSIS. 

In  Demy  8to,  with  Elaborate  Tables,  Diagrams,  and  Plates.     Handsome 

Cloth.    Fourth  Edition.    Price  21s. 

GENERAIi  OOMTENTS. 
History  of  Adulteration — Legislation,  Past  and  Present — ^Apparatua 
Qsefnl  to  the  Food-Analyst — "Ash" — Sugar — Confectionery— Honey- 
Treacle — Jams  and  Preserved  Fruits— Starches — Wheaten- Flour — Bread 
— Oats — Barley — Rye — Rice  —  Maize  —  Millet  —  Potato — Peas — Chinese 
Peas  —  Lentils  —  Beans  —  Milk  —  Cream  —  Butter  —  Oleo-Margarine  — 
Butterine — Cheese — Lard — Tea— Coffee — Cocoa  and  Chocolate — ^cohol — 
Brandy — Rum  -  Whisky —G  in — Arrack — Liqueurs  — Absinthe — Principles 
of  Fermentation  —  Yeast  —  Beer  —  Wine  —  Vinesat — Lemon  and  Lmie 
Jnioe — Mustard — Pepper— Sweet  and  Bitter  Aunond—Annatto— Olive 
Oil  —  Water  —  Standard  Solutions  and  Reagents.  Appendix:  Text  of 
English  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  FOURTH  EDITION. 

"SimpW  nroispBHSABLS  In  the  Analyst's  laboratory.**— 7%«  Lanut. 

**Ths  Staitdabd  work  on  the  snbject  .  .  .  E^ery  chapter  and  every  pa^  givee 
abundant  T^roof  of  the  strict  revision  to  which  the  work  has  been  sabjeoted.  .  .  .  The 
section  on  Milk  is,  we  believe,  the  most  exhanative  stndy  of  the  subject  extant.  ...  An 
nroianKSABLX  xaitual  for  Analysts  and  Medical  Offleem  of  UeaMh.^— Public  ffealih. 

*'  A  new  edition  of  Mr.  Wynter  Blvth*s  Standard  work,  xhbicbbd  with  all  thb  Racmr 
DnoovKHsa  abd  UFBOVunins,  will  bo  aooepted  as  a  boon.  "—CAsmicoi  New. 


POISONS: 

THEIR  EFFECTS  AND  DETECTION. 

TmBD  Edition.     Li  Large  Svo,  Cloth,  with  Tables  and  Illustrations. 

Price  21s. 

aSNERAL    CONTENTS. 

I. — Historical  Introduction.  II. — Classification — Statistics — Connection 
between  Toxic  Action  and  Chemical  Composition — Life  Tests— General 
Method  of  Procedure — The  Spectroscope — Examination  of  Blood  and  Blood 
Stains.  III. — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — More 
or  less  Volatile  Poisonous  Substances.  VL — Alkaloids  and  Poisonous 
Vegetable  Principles.  VII. — Poisons  derived  from  Living  or  Bead  Animal 
Subatanoes.  VIII. — The  Oxalic  Acid  Group.  IX. — Inorganic  Poisons. 
Appendix:  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

*'  Undonbtedly  vrb  note  ooMrLBVB  wobk  on  Toxicology  in  oar  languaite.''— 2^  Anal^  ftm 
tJU  TMrd  JSdUionJ. 

"  As  a  PBAOTiCAL  ouiDB,  WO  know  HO  BBTTBE  woik.''->3%e  Lonoet  (on  the  Third  Edition). 

%*  In  the  Thibd  Edition,  Enlarged  and  partly  Re-written,  Nbw  Abaxttioal  Mbthodb  hava 
besn  Introdoeed,  and  the  Oadatbuo  Alkaloids,  or  Pioxaibbs,  bodies  playing  so  great  a  part  la 
VoodiMlaonlBg  and  In  the  Manifestations  of  DfsMSe,  have  reestved  special  Mtention. 
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0HEMI8TRT  AND  TECHNOLOOY. 


73 


SECOND  EDITION     Crown  Av»  Handsomi  CUik,     2is. 

Photography: 

^T8  HISTORY,  PROCESSES,  APPARATUS,  AMD  MATERIALS. 

Comprisingr  Working  Details  of  all  the  More 

Important  Methods. 


BY 


A.     BROTHERS,     F.R.A.S. 

WITH  NUMEROUS  FULL  PAGE  PLATES  BY  MANY  OF  THE  PRO- 
CESSES DESCRIBED,  AND  ILLUSTRATIONS  IN  THE  TEXT. 


GENERAL  CONTENTS. 


Part.  I.— Introductory  :  His- 
torical Sketch;  Chemistry  and 
Optics  of  Photography;  Arti- 
ficial Light 

Part  1 1.  —  Photographic  Pro- 
cesses. 


Part  III. — Apparatus. 

Part  IV.— Materials. 

Part  V. — Applications  of  Photo- 
graphy ;  Practical  Hints. 


'*  Mr.  Brochen  has  bad  aa  exparianoe  in  Photography  so  large  and  varied  that  any  vorii 

^hy  hiai  eaaaot  fail  to  be  interesting  and  valuable.    ...    A  most  coimtBHBKSiTB  Tolnmn. 

entering  with  full  details  into  toie  various  processes,  and  vksy  puixy  illustrated.      The 

PKACTICAL  HINTS  are  of  GBBAT  VALUE.    .    .    .  Admirably  ffOt  Up.'*—J?fT/./M#r.  tf//'4#/tffTW>V- 

"  For  the  illustrations  alone,  the  bode  is  most  interesting ;  but,  apart  firom  these,  the 
volume  is  valuable,  brightly  and  pleasantly  written,  and  most  admikably  arbancbd.'*— 
Ph0t0grmpkie  Nrwt, 

'*  Certainly  the  pinbst  illustrated  handbook  to  Photography  which  has  ever  bcca 
published.    Should  be  on  the  reference  shelves  of  every  Photographic  SodeCv."— ^«Ml««r 

"  A  handbook  so  &r  in  advance  of  most  others,  that  the  Photographer  must  not  CmI 
•to  obtain  a  copy  as  a  reference  woxk.* ^Pk^t^^rapktc  MV^. 

*'The  COMPLETEST  HANDBOOK  of  the  art  which  has  yet  been  published.' 

"  A  Standard  Work  on  Photography  brought  quite  up  to  "D Arm.** -^Photography, 


*«*  This  Edition  includes  all  the  Newer  Devblopmbnts  in  Photographic 
Methods,  together  with  Special  Articles  on  Radiography  (the  X  Rays), 
^Colour  Photography,  and  many  New  Plates. 
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Seoond  Edition,  Revised  and  Enlarged,  with  Nkw  Section 

on  ACBTTLENE. 

With  NumerouB  lUuBtrations,     Handsome  Cloth.      lOs.  6d. 

GAS    MANUFACTURE 

(THE    CHEMISTRY    OF). 

A  Hand-Book  on  the  Production,  Purification,  and  Testing* 
of  Illuminating  Gas,  and  the  Assay  of  the  Bye- 
Products  of  Gas  Manufacture.    For  the 
Use  of  Students. 

BY 

W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.LC,  F.CS.^ 

Fonnerljr  Head  Chemist.  Qwi  Works.  Beokton,  London.  E. 

"  The  BEAT  WORK  of  its  kind  which  we  have  ever  had  the  pleasure  of  re- 
viewing. The  new  Edition  is  well  deserving  a  place  in  every  Engineering 
Library."— Jowmo/  of  Oas  LiffhHnff. 

' '  Amongst  works  not  written  in  German.  WB  recommend  before  all  others,. 
BuTTERFiELD*8  Chemistrt  OF  Gas  Mantjfacture.**— C74«7itifeer  ZtUung. 


GBBTBRAL     CONTENTS. 

I.  Baw    Materials   for    Gas      YI.  Final  Details  of  Mann- 
Manufacture.  I  factnre. 
n.  Coal  Gas.                            I   VII.  Gas  Analysis. 

III.  Carbnretted  Water  Gas.      <  VIII.  Photometry. 

IV.  Oil  Gas.  I     IX.  Applications  of  Gas. 
V.  Enriching  by  Light  Oils.  X.  Bye-Prodncts. 

ZI.  Acetylene. 


*i.*  This  work  deals  primaril]r  with  the  ordinary^  processes  of  Gas  MANurACTuas 
employed  in  this  country,  and  aims  especially  at  indicating  the  principUs  on  which 
they  are  based.    The  more  modem,  bat  as  yet  bubsidiary,  processes  are  fiilly  treated  alao^ 

The  Chapters  on  Oas  AnalyBls  and  Photometry  will  enable  the  consumer  to 
grasp  the  methods  by  which  the  quality  of  the  gas  he  uses  is  ascertained,  and  in  the 
Chapter  on  The  Applications  of  Oas,  not  only  is  it  discussed  as  an  flluminant,  but 
also  as  a  ready  source  of  heat  and  power. 

The  Incandescent  Oas  Llghi  is  dealt  with  in  an  exhaustive  manner,  and  the 
latest  theories  of  its  physical  basis,  as  well  as  the  practical  developments  of  lighting 
by  Incandescence,  are  thoroughly  discussed. 

In  Chapter  X.  an  attempt  has  been  made  to  trace  in  a  readily-intelligible^anner 
the  extraction  ot  the  principal  derivatives  from  the  crude  Bts-producib.  P    ^ 

The  woik  deals  incidentally  with  the  most  modem  features  of  the  industry,  in- 
cluding inter  cUia  the  commercial  production  and  uses  of  Acetylene,  to  which  a 
spedaf  Chapter  is  devoted  in  the  new  Edition,  and  the  application  of  compressed  gas- 
for  Street  Traction.  The  needs  of  the  Students  in  Teohnical  CoUeges  and  dasaes  have 
throughout  been  kept  in  view. 
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CASTELL-EVANS    (Prof.    J.,    F.I.C.,    F.C.S., 

Finsbury  Technical  College) : 

TABLES  AND  DATA  for  the  use  of  ANALYSTS,  CHEMICAL 
MANUFACTURERS,  and  SCIENTIFIC  CHEMISTS.  In  Lai^e 
8vo.     Strongly  Bound.  [Shortly, 

*•*  This  important  Work  will  compreheDd  as  far  as  possible  all  rules  and  tablbs 
required  by  the  Analyst,  Brewer,  Distiller,  Acid-  and  Alkali-Manufacturer,  &c..  &c. ;  and 
also  the  principal  data  m  Thermo-Chemistrv,  Electro-Chemistry,  and  the  various 
branches  of  Chemical  Physics  which  are  constantly  required  by  the  Student  and  Worker  in 
Original  Research. 

Every  possible  care  has  been  taken  to  ensure  perfect  accuracy,  and  to  include  the  results 
-of  the  most  recent  investigations. 


ELBORNE  (Wm.,  B.A.,  F.L.S.,  F.C.S.) : 

PRACTICAL  PHARMACY.     (See  p.  io6  Gtfural  Catalogue,) 


GRIFFIN  (John  Joseph,  F.C.S.) : 

CHEMICAL  RECREATIONS:  A  Popukr  Manual  of  Expenmental 
Chemistry.  With  540  Engraving  of  Apparatus.  Ttnih  EdUun,  Crows 
8vo.     Cloth.  Parts  I.  and  II.,  complete  in  one  volume,  12/6. 

Separately— Part  I.,  Elementary,  2/;  Part  IX.,  The  Cbemistiy  of  the 
Non-Metallic  Elements,  10/6. 


MUNRO  (J.  M.  H.,  D.Sc,  Professor  of  Chemistry, 

Downton  College  of  Agriculture): 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS :  A  Prac- 
tical Hand-Book  for  the  Use  of  Agricultural  Students.  {Griffin's 
Technological  Manuals.)  In  Preparation, 


imPORTANT  NEW  WORK.     NEARLY  READY. 

DAIRY    CHEMISTRY: 

A    PRACTICAL    HANDBOOK    FOR 

DAIRT  MANAGERS,  CHEMISTS,   ANALYSTS. 

By   H.    droop   RICHMOND,   F.C.S., 


CHEMIST  TO  THE  AYLBSBURY  DAIRY  COMPANY. 


C'lc?^/^;*/^.— Introductory. — The  Constituents  of  Milk. — Analysis  of  Milk. — 
Normal  Milk,  its  Adulterations  and  Alterations  and  their  Detection. — ^The  Chem- 
ical Control  of  the  Dairy.— Biological  and  Sanitary  Matters.— Butter.— Other 
iMilk  Products. — Milk  of  Mammals  other  than  the  Cow.— Tables. — Appendix,  &c. 
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Painters' 
Colours,  Oils,  &  Varnishes: 

A    PRAOTXGAZi    MAinTAI<. 

By   GEORGE    H.    HURST,    F.C.S., 

MMnber  of  the  Society  of  Chemical  Industry ;  Lecturer  on  the  Technology  of  Painteri^ 
Colours,  Oils,  and  Varnishes,  the  Municipal  Technical  School,  Manchester. 

Second  Edition,  Revised  and  Enlarged.     With  Illustrations.     12s.  6d. 

General  Contents. — Introductory— The  Composition,  Manufacture, 
Assay,  and  Analysis  of  Pigments,  White,  Red,  Yellow  and  Orange.  Green, 
Blue,  Brown,  and  Black— Lakes — Colour  and  Paint  Machinery— Paint  Vehicle»- 
(Oils,  Turpentine,  &c.,  &c. )— Driers— Varnishes. 

"This  useful  book  will  prove  most  valuablk.** — Chemical  News. 

"  A  practical  manual  in  every  respect  bxcebdingly  instructivb.      Tke- 

section  on  Varnishes  is  the  most  reasonable  we  have  met  with."— CArmtr^  and  Druggist. 

"  VsRV  VALUABLB  information  is  giyea.'*—PIumier  and  Decorator, 

**  A  THOROUGHLY  rRACTiCAL  book,  .  .  .^  the  ONLY  English  work  that  satisfactorfly 
treats  of  the  manufacture  of  oils,  colours,  and  pi^ents." — Ckomicmi  Traded  yotermU. 

"  Throughout  the  work  are  scattered  hints  wMch  are  invaluablb."— /»tv»/£MV. 


In  Crown  8vo,  Extra.    With  Illustrations.      8s.  6d. 

CALCAREOUS    CEMENTS: 

THEIR  NATURE,  PREPARATION,  AND  USES. 


BY 

GILBERT  R.  REDGRAVE,  Assoc.  Inst.  C.E. 


General  Contents. — Introduction — Historical   Review  of  the  Cement 
Industry — The  Early  Days  of  Portland  Cement — Composition   of  Portland' 
Cement— Processes  of  Manufacture — The  Washmill  and  the  Backs- 
Flue  and  Chamber  Drying  Processes — Calcination  of  the  Cement  Mixture — 
Grinding  of  the  Cement — Composition  of  Mortar  and  Concrete — Cement' 
Testing  —  Chemical  Analysis  of   Portland  Cement,   Lime,  and  Raw 
Materials  —  Employment  of  Slags  for  Cement  Making  —  Scott's  Cement, 
Selenitic    Cement,   and   Cements    produced  from   Sewage   Sludge  and  the- 
Refuse  from  Alkali  Works  —  Plaster  Cements  —  Specifications  for  Portland^ 
Cement — Appendices  (Gases  Evolved  from  Cement  Works,  Effects  of  Sea- 
water  on  Cement,  Cost  of  Cement  Manufacture,  &c.,  &c.) 

"  a  work  calculated  to  be  of  orbat  and  kxtbndkd'utiutt."— CAetnioa/  Newt. 

"  Ihyaluablb  to  the  Student,  Architect,  nnd  Engineer."—  Building  News. 

**  A  work  of  the  orbatbst  nrBRxn  and  usbfulrbsb,  which  appears  at  a  very  orittoal 
period  of  the  Oement  Trade.*'— 5H^.  Trad*  Journal.  if    • 

*'  Will  be  uaofnl  to  all  interested  in  the  xanutaotitrb,  usb,  and  Tmsmro  of  Oementa.*'— 
Bnginur. 
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Painting  and  Decorating: 

A   Complete  Practical  Manual  for  House 
Painters  and  Decorators. 

Embracing  the  Use  of  Materials,  Tools,  and  Appliances;  the 

Practical  Processes  involved ;  and  the  Gtaieral  Principles 

of  Decoration,  Colonr,  and  Ornament. 

BT 

WALTER    JOHN    PEARCE, 

LBOnniB  AT  THE  1U11GBI8TBB  TBCHWIGAL  SCHOOL  FOB  HODBB-PAlMTma  AlID  DBOOBATDTO. 

In  Crown  8vo.  extra.    With  Numeroas  lUustratioos  and  Plates 
(some  in  Coloars),  including  Original  Detigna.     128.  6d. 


aSNURAIi    CONTENTS. 

Introduction — Workshop  and  Stores— Plant  and  Appliances— Bmshes  and 
Tools— Materiala  :  Pi^ents,  Driers,  Painters'  Oils— Wall  Hangings— Paper 
HaD^g— Colour  Mixing — Distempering — Plain  Painting — Staining— Varnish 
and  V  amishing — Imitative  Paintmg  —  Graining — Marbling — Gilaingy-Sign - 
Writing  and  Lettering — Decoration :  Greneral  Principles — Decoration, in  Dia- 
tempcr— Painted  Decoration— Relievo  Decoration — Colour— Measuring  and 
^tunating — Coach-Painting — Ship-Painting. 


"A    THOROUGHLY   tJSEFUL   BOOK     .      .     .      gives   OOOD,   SOUND,   PRACTIOAL 

INFORMATION  in  a  CLEAR  and  CONCISE  FORM.  .  .  .  Can  be  confidently 
recommended  alike  to  Student  and  Workman,  as  well  as  to  those  carrying  on 
business  as  House -Painters  and  Decorators." — Plumber  and  DecorcUor. 

"A  THOROUOHLT  GOOD  AND  RELIABLE  TEXT-BOOK.      .     .      .      So   FULL  and 

COMPLETE  that  it  would  be  difficult  to  imagine  how  anything  further  could  be 
added  about  the  Painter's  craft." — BuUderi  Journal. 


*^*  Mr.  Pearce*s  work  is  the  outcome  of  many  yeans'  practical  ex- 
perience, and  will  he  found  ihvaluable  by  all  interested  in  the  aubjecta 
of  which  it  treats.  It  forms  the  C/ompanion-Volume  to  Mr.  Geo.  Hurst's 
well-known  work  on  "  Painters'  Colours  "  (see  p.  76). 
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In  Large  8vo.     Handsome  Cloth.    Prioe  21b. 

BREWINGS 

THE    PRINCIPLES   AND    PRACTICE    OF. 

FOR  THE  USE  OF  STUDENTS  AND  PRACTICAL  MEN. 

BY 

WALTER  J,  SYKES,  M.D.,  D.P.R,  F.I.C., 

XDITOa  OF  "  TBI  ANALTffr/' 

With  Plate  and  lUastrationa. 

*'  A  Tolume  of  Brawinc  Sdenoe,  which  hM  long  heen  awidli6<L  .  .  .  We  conaider  it  ono 
of  THE  HOST  coMPLBTi  In  conTBHTB  and  HOTKL  15  AK&AHOBUKirT  that  Has  yet  been  publiihed. 
.    .    .    Will  command  a  lai^  sale."— TTke  Brewers'  Journal. 

"The  appearance  of  a  work  sach  as  this  aeires  to  remind  us  of  the  isoaMOUgLT  kapid 
ADTAHCHS  made  in  our  knowledge  of  the  Bcientiflo  Principles  underlying  the  Brewing  Prooeases. 
...  Dr.  Sykes'  work  will  undoubtedly  be  of  the  gkbatbst  abbistahcb,  not  merely  to  Brewers, 
but  to  all  Chemists  and  Biologista  interested  in  the  problems  whieh  the  Fermentation  induatries 
present."— The  Analyst. 

"The  publication  of  Da.  Stebs'  mabtxblt  trbatibb  on  the  art  of  Brewing  is  quite  an  event 
in  the  Brewing  World.  .  .  .  Deserves  our  warmest  praise.  ...  A  better  guide  than  Dr. 
Sykes  oould  hardly  he  found."— Cc/tmty  Brewers'  OoMtte. 

GhBNSRAL    OONTSNTS. 

I.  Physleal  Prineiples  involved  in  Brewing  Opepations:  Heat:  The  Ther- 
mometer-—Speciflc  Heat— Latent  Heat— Evaporation— Density  and  Specific  Oravitr^ Hydro- 
meters.   Chemistry,  with  speelal  reference  to  the  materials  used  in  Brewinsr. 

IL  The  Mieroscope:  General  Description  of  the— Mlcroeoopical  Manipulation 
— Examination  of  Yeast— Hangincr-Drop  Method— Examination  of  Bacteria- Microecopleal 
Preparations— Bacteriological  Methods — Bacteriological  Examination  of  Water- Hansen's 
Method— Wiohmann's  Method— Bacteriological  ExaminaUon  of  Air.  Vesetablo  BiolOffy : 
The  Living  Cell— Osmosla- The  Teaats— The  Mycoderms- The  Torulse,  Ac— The  Bacteria^ 
Fermentation  and  Putrefaction— Bacterium  termo- Butyric  Acid  Bacteria,  Ac— The  Mould 
Ftugl— Muoor  mncedo,  <kc— Simple  Multicellular  Organisms— Penicllliam  glancam,  Ac— 
Mould  Fungi  Dangerous  on  Brewing  PremlBea- The  Higher  Planta— Germination  of  Barley— 
atmcture  of  Barleycorn.  Fermentation :  Ancient—  Viewa  of  Lleblg  on— The  Phyalologieal 
Theory— Doctrine  of  Spontaneous  Evolution— Sterilisation  of  Organic  Fluids- Compention 
amongst  Micro-Organiams- Distribution  of  Atmospheric  Germs— Hansen'H  InvestigatlonB 
on  the  Air  of  Breweriee— Pasteur's  Experiments  and  Theory— Other  Theories  of  Fermentation 
— Investigationa  of  Hanaen— Pure  Cultures  fh>m  a  Single  Cell— Introduction  of  Pure  Teaat 
Cultures  into  the  Brewery— Ban!>en*B  and  other  Pure  l^ast  Cultivation  Apparatus— Advan- 
tages of  Hansen's  Pure  Single-Cell  Teast- DilTerencefl  in  the  Action  of  the  various  Yeasts 

in.  Water:  Occurrence  and  Composition  of— Results  of  Analysis  of— Hardness- 
Waters  Suitable  for  the  Productton  of  DUferent  dasaes  of  Ale—ArtUolal  Treatment  of 
Waters-Eainlt— Influence  of  Boiling^Organic  Conatitntlon- Effect  of  Filtration -Methods 
of  Water  Analysis— Microscopic  Examination  of  Water  Sediments.  Barley  and  Halting : 
Barley- Choice  of— Vitality— Age- Malting— Steeplnga— Steep-Water— Germination  of  Barley 
—Flooring  —  Sprinkling  —  Withering — Pneumatic  Malting  —  Galland's  System — Saladtn's— 
Hemming^s— Drying  Kiln — Changes  Effected  in  Drying— Storage— Oh emical  Examination 
ot  Barley— Malt  Substitutes— Quality  of  Malt— Chemical  Examination  of  Malt— Ready-formed 
Sugars— Maltol.  Brewery  Plant:  Gravitation  Brewery— Cold  and  Hot  Liquor  Baoks— 
Malt  Mill— Mash  Tun,  Ac.— Coppers— Coolers— Refrigerators— Colleoting  and  Fermenthug 
Vesfels— Burton  Union  System — ^Attemperators— Parachutes— Racking  Squares— Vats  and 
Casks.  Brewing :  Estimation  of  Quantities  for  the  Brew— Amount  of  Liquor  Required- 
Hardening  Materlala— Mashing— Use  of  Suhaidiary  Apparatus— Black  Beers- Sparging— 
Boiling— Action  of  Hop-tannin  Bodies— Cooling— Refk-lgeratlng— Collection  of  Wort— Extract 
Yielded— Fermentation— Addition  of  Yeast— Change  of  Yeast— Fermentation  Temperatures— 
Dreaslng— Appearance  of  Heada— Cleansing  System— Stone  Square  System— Settling  and 
Backhng— D^r  Hopping— Seoondarr  Fermentation— Priming— Antiaepticc—Ftaiing-Bottled 
Ales  and  Bottling.  Beer  and  its  Diseases :  Flavour  and  Aroma— Condition— Palate 
Fulness- Head— Brightneas^Turhidinr  —  Ropiness  —  Bibliography— Appendiees  :  Solntlon 
Weight  and  Solution  Factor— Specific  Rotatory  Power-The  Law  of^ Definite  Relation— 
Alcoholic  Fermentation  without  Yeast-Cells— Fermentation  in  a  Vacuum— Index. 
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In  Large  Sto.     Handsome  Cloth.     With  nnmerotts  lUastrations. 

TECHNICAL  MYCOLOGY: 

THE  UTILIZATION  OF  MICRO-ORGANISMS  IN  THE 

ARTS  AND  MANUFACTURES. 

A  Praetieal  Handbook  on  Fermentation  and  Fermentative  Pro- 
cesses for  the  Use  of  Brewers  and  Distillers,  Analysts, 
Technical  and  Agricultural  Chemists,  and  all 
interested  in  the  Industries  dependent 
on  Fermentation. 

By    Dr.    FEANZ    LAFAR, 

Profeuor  of  FermenUtion-Phyalology  and  [Bacteriology  in  the  Technical 

High  School,  Yienna. 

With  an  Introduction  by  Dr.  EMIL  CHR.  HANSEN,  Principal  of  the 

Carlsberg  Laboratory,  Copenhagen. 

Tkanslatsd   by   CHARLES   T.    C.    SALTER. 

In  1\oo  Volumes,  sold  Separately, 


Vol.  I.  now  Ready.    Complete  in  Itself.    Price  15s. 


''Thi-  first  work  of  the  kind  which  can  lay  claim  to  completeness  in  the  treatment  of 
a  faaoinating  subject.  The  plan  ie  admirable,  the  clasaifloatiou  simple,  the  style  is  good, 
«nd  the  teudency  of  the  whole  volmne  is  to  convey  sure  information  to  the  reader."— 
JLantet. 

"  We  oanoot  eafficlently  praiae  Dr.  Lafar'a  work  nor  that  of  his  admirable  translator. 
No  brewer  with  a  love  for  his  calling  can  allow  snch  a  book  to  be  absent  from  his  library." 
^Brtteer^s  Journal^  yew  York. 

'*  We  oan  most  cordiallT  recommend  Dr.  Lafar's  Tolume  to  the  Members  of  onr  pro- 
fession .  .  .  This  treatise  will  sappliy  a  want  felt  in  many  industries.  ...  No  one 
wtl!  fail  to  observe  how  well  Mr.  Satter  has  done  his  work.  The  publishers  have  fnlly 
mafntsmed  their  reputation  as  regardn  printing,  binding,  and  excellence  of  paper."— 
•Cfumieml  N§w». 

%*  The  poblishers  trust  that  before  long  they  will  be  able  to  present  Eni-llsh  readers 
^ih  the  second  Tolume  of  the  above  work,  arrangements  having  been  concluded  whereby, 
upon  its  appearance  in  Germany  the  English  translation  will  be  st  once  put  lu  hand. 
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WORKS  BY  DR.  ALDER  WEIGHT,  F.R.S. 

Fixed  Oils,  Fats,  Butters, 

and  Waxes: 

THBIK  PREPARATION   AND   PROPSRTIBS, 

AND  THE 

MANUFACTURE    THEREFROM    OF   CANDLES, 
SOAPS,  AND  OTHER  PRODUCTS. 

C.   R.   ALDER  WRIGHT,   D.Sc,   F.R.S., 

Late  Lecturer  on  Chemistry,  St.  Marv's  Hospital  Medical  School ;  Examiner  in  "  Soap  ** 

to  the  City  and  Guilds  of  Lonaon  Institute. 

In  Large  8to.     Handsome  Cloth.     With  144  Illustrations.     aSs. 

"  Dr.  Wkight's  work  will  be  found  absolutely  indispbmsablb  by  erenr  ChemisU 
Tbxms  with  information  valuable  alike  to  the  Analyst  and  the  Technical  Chemist."—- 
Tk*  Anaiysi. 

'*Will  rank  as  the  Standard  English  Authority  on  Oils  and  Fat*  far 
years  to  oome." — InduMtrits  M$td  Ir^n. 


At  Press ^  Important  New  Work. 

Lubrication  &  Lubricants: 

A    TREATISE    ON    THE 
THEORY  AND  PRACTICE  OF  LUBRICATION 

AND  ON  THB 

NATURE,    PROPERTIES,   AND   TESTING   OF   LUBRICANTS. 
By  LEONARD  ARCHBUTT,  F.LC,  F.C.S., 

Chemist  to  the  Midland  Railway  Oompany, 
AND 

R.    MOUNTFORD    DEELEY,    M.I.M.E.,    F.G.S., 

Midland  Railway  Locomotive  Department. 

*,*Thi8  work  will  deal  in  an  exhaustive  manner  with  everything 
APERTAININO  TO  THB  SUBJECT  of  which  it  treats.  It  contains  a  large  amount 
of  valuable  information  respecting  the  sources  and  preparation  of  lubri- 
cants, together  with  copious  directions  for  their  chemical  and  mechanical, 
valuation,  and  for  the  detection  of  foreign  substances  and  adulterants 
generallt,  information  which  has  hitherto  only  existed  in  a  scattered  and 
fragmentary  condition  in  the  "Proceedings"  and  "Transactions"  of  Learned 
Societies,  and  is  now  rendered  available  for  the  first  time  in  a  ststematised- 

AND  convenient  FORM. 

LONDON :  CHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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§10.  THE  TEXTILE   INDUSTRIES. 


'*  The  X08T  ▼Ai.UABLB  and  usxfdl  woiuc  on  I>7elng  that  has  yet  appeared  In  the  Eoglleb 
language   .    .    .    likely  to  be  thx  BTAVDAftD  Woix  or  Bbybuwcb  for  years  to  eome.**— 

In  Two  Large  8vo  Volumes,  920 
pp..  with  a  SUPPLEMENTARY 
Volume,  containing  Specimens 
of  Dyed   Fabrics.     45s. 


MANUAL  OF  DYEING: 

fOR  THE  USE  OF  PRACTICAL   DYERS,  MANUFACTURERS,  STUDENTS, 
AND  ALL  INTERESTED  IN  THE  ART  OF  DYEING. 

BY 

E.  KNECHT,  Ph.D..  F.I.C.,  CHR.  RAWSON,  F.I.C.,  F.C.S,, 

HMd  of  tlM  CbflBilftzy  and  Djainf  D«i»rtm«at  of  lAto  HMd  of  th«  Ch«ini«t>7  and  Djaing  Dopartmiiat 
tho  TMhBldal  Behool.  JUaohastor:  Editor  of  "Tb«  of  tho  Taohniokl  Oolkm,  Bndlord  ;  Mombtr  ol 
Jovnul  of  tbo  8oeUt7  of  Dj«ni  and  ColovlsU; "  Ooudl  of  fho  Soflloty  nf  Dyon  and  Oolonzistii 

And  RICHARD  LOEWENTHAL,  Ph.D. 


Gemiral  Contents. — Chemical  Technology  of  the  Textile  Fabrics — 
Water — Washing  and  Bleaching  —  Acida,  Alkalies,  Mordants — Natural 
Colouring  Matters — Artificial  Organic  Colouring  Matters— Mineral  Colours 
— Machinery  used  in  Dyeing — Tinctorial  Properties  of  Colouring  Matters— 
Analysis  and  Valuation  of  Materials  used  in  Dyeing,  &c.,  Ac 


it 


Thlf  MO0T  TALOABLB  wosK    .    .    .    wlll  be  Widely  appreciated.'*— C9k«mioai  JV«v<. 

This  aathorltatlTe  and  ezbaastlTe  work    .    .    .    the  Mon  oomflbtb  we  haTe  yet  sees 
on  the  ■objeoi."— JVarfite  Mm»%faaur^. 

**  The  MOBT  BZHAuniTx  and  ooxplbtii  woek  on  the  rabjeot  extant."— IlMrfti«  Btem'^m'. 

**  The  dietlngniBhed  anthora  have  placed  in  the  handa  of  thoae  daily  engaged  in  the  dye- 
hOQBe  or  laboratory  a  work  of  bztbbicb  yalub  and  hkdottbtbd  ctilitt  .  .  .  appeals 
qnickly  to  the  teohnologiat,  colour  chemist,  dyer,  and  more  parUonlarlir  to  the  rising  dyer 
ef  the  present  generation.    A  book  which  it  is  refreshing  to  meet  with."— ^sufiosw  Tcrfi/e 


LONDON :  CHARLES  GRIFFIN  i  CO.,  LIMITED.  EXETER  STREET.  STRAND. 


82  0HARLE8  GRIFFIN  A  00.*S  PUBLICATIONS. 

Companion-Volume  to  Kneoht  and  Raivson's  "Dyeing." 

TEXTILE    PRINTING: 

A  PBACTICAIi   MAXriTAIi. 

Including  the  ProcesseB  Used  in  the  Printing  of 
COTTON,   WOOLLEN,    SILK,   and   HALF 

SILK   FABBICS. 

BY 

C.  F.  SEYMOUR  ROTHWELL,  F.C.S., 

M§m.  aoe.  of  Ghtmieal  Indutiria;    laU  Ucturer  at  the  Jivnieipml  Ttchnical  Sehool, 

Manehtsttr. 

In  LATge  8yo,  with  Illustrations  and  Printed  Patterns.     Price  21s. 


GENERAL    CONTENTS. 


Introduction. 

The    Machinery  Used   in  Textile 

Printing. 
Thickeners  and  Mordants. 
The  Printing  of  Cotton  G-oods. 
The  Steam  Style. 
Colours  Produced  Directly  on  the 

Fibre. 
Dyed  Styles. 


Padding  Style. 

Resist  and  Discharge  Styles. 

The   Printing    of    Compound 

Colourings,  &c. 
The  Printing  of  Woollen  Groods. 
The  Printing  of  Silk  Goods. 
Practical  Recipes  for  Printing. 
Appendix. 
Useful  Tables. 


Patterns. 


'*  Bt  far  tbb  bbr  and  voer  practical  book  on  tsxtilb  rattmsQ  wfalcb  has  yet  been 
t>roaght  oat,  and  will  long  remain  the  standard  work  on  the  anbjeot  It  is  essentially 
practical  in  character.**— TVrfiJe  Mercury. 

"  Thb  xoer  practical  manual  of  texttle  priwtino  which  has  yet  appeared.  We  have 
no  hesitation  in  recommending  It'*— 7%«  Terfile  Manufacturer. 

*'  Uvdoubtkdlv  Mr.  Bothwbll's  book  is  thb  bbbt  which  bat  appeared  on  tsxtzlb 
rBiKTiKO,  and  worthily  forma  a  Oompanion-Volnme  to  *  A  Manual  on  Dyeing.*  ^—Th€  Dyer 
<ind  Calico  Printer. 
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Large  Sva    Handsome  Cloth.    128.  6d. 

BLEACHING  &  CALICO-PRINTING. 

A   Short   Manual  for   Students  and 

Practical  Men. 

By    GEORGE    DUERR, 

Pireeior  of  th«  BloMhing,  Djrieliif,  and  Printtof  DepMtmaot  at  th«  Aeeriocton  wmA  Bmbp 
Technical  Schools :  ChemUt  and  Coloarlst  at  the  Irwell  Print  worki. 

Assisted  by  WILLIAM   TURNBULL 

(of  Tornball  k,  Stockdale,  Limited). 

With  lUustraiioDS  and  upwards  of  One  Hundred  Dyed  and  Printed  Patterns- 
designed  specially  to  show  various  Stages  of  the  Processes  described. 

GENERAL  CONTENTS. —Cotton,  Compogition  of;  Bleaching,  New 
Processes ;  Printino,  Hand-Block  ;  Flat-Press  Work ;  Machine  Printing — 
Mordants— Styles  of  Cahco-Printing  :  The  Dyed  or  Madder  Style,  Resist 
Padded  Style,  Discharge  and  Extract  Style,  Chromed  or  Raised  Uolonrs, 
Insoluble  Colours,  &c  —  Thickeners  —  Natural  Organic  Colouring  Matters 
— Tannin  Matters  —  Oils,  Soaps,  Solvents — Organic  Acids — Salts — Mineral 
Colours— Coal  Tar  Colours— Dyeing — Water,  Softening  of— Theory  of'Colours 
— Weights  and  Measures,  ftc. 

**  When  a  esadt  way  oat  of  a  dlfflcnltjr  la  wanted,  it  la  IH  books  likb  this  that  It  to  found."— 
TmtiU  Beeordtr. 

**Mr.  Duism's  work  will  be  fonnd  most  nsKTOL.  .  ,  .  The  information  gtren  la  of  ssbat- 
▼AiUB.    .    .    .    The  Recipes  are  TBOBonoHLT  peactioal"— r«xci<«  JraimAi«(M'«r. 


GARMENT 
DYEING    AND   CLEANING. 

A  Practical  Book  for  Practical  Hen. 

By     GEORGE     R     HURST,     F.C.S., 

Member  of  the  Society  of  Chemical  Industry. 
With    Numerous    Illustrations.      4s.    6d. 

General  Contents.— Technology  of  the  Textile  Fibres — Garment  Cleaning 
—Dyeing  of  Textile  Fabrics — Bleaching— Finishing  of  Dyed  and  Cleaned  Fabrics — 
Scouring  and  Dyeing  of  Skin  Rugs  and  Mats— Cleaning  and  Dyeing  of  Feathers — 
Glove  Cleaning  and  Dyeing — Straw  Bleaching  and  Dyeing — Glossary  of  Drugs 
and  Chemicals — Useful  Tables. 

"  An  up-TO-OATK  hand  book  has  long  been  wanted,  and  Mr.  Hurst  has  done  nothing 
more  complete  than  this.  An  important  work,  tke  more  so  that  sereral  of  the  brandies  of 
the  craft  hfcsv  treated  upon  arc  almost  entirely  withovt  Ecglish  Manuals  for  the  guidance 
of  worken.    The  price  brings  it  wilhLi  the  reach  of  all.*'— Z7>^r  and  Calicth Printer. 

"  Mr.  Hurst's  wonc  decidkdly  fills  a  wamt  .  .  ought  to  be  in  the  hands  of 
BVKSY  CARMKNT  DYBR  and  cleaner  in  the  Kingdom** — Textile  Mercury. 

LONDON:  CHARLES  ORIFFIN  ft  CO.,  LIMITED,  EXETER  STREET.  STRAND. 
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Sixteenth  Annual  Issue,    Handsome  cloth,  7s.  6d. 

THE     OFFICIAL     YEAR-BOOK 


SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 

AND  IRELAND. 

OOXPILBD  F&OM  OFFICIAL  80U&0BS. 

'Oomprislng  {together  with  other  Official  Information)  LISTS  of  the 
PAPERS  read  during  1898  before  all  the  LEADING  SOCIETIES  throughout 
the  Kingdom  engaged  in  the  following  Departmente  of  Reeeareh:— 

I   6.  EcoDomic  Sdeaoe  and  Sutittics. 

i  7.  Mechanical  Sdence,  Engineering,  and 

ArchitaolMPa. 
f  I.  Naval  and  Militanr  Saence. 
f  9.  Agriculture  $ad  Hoiticultttra- 
i  10.  Law. 
{ iz.  Literature. 
\  13.  Psychology. 
1 13.  Archasolo^. 


» 1.  Sdeace  Genendly :  r/..  Societies  oocupy- 
tn^  themaeWes  with  sereial  Branchea  of 
Saence,  or  with  Science  and  literature 


jointly. 

la.  Mathematics  and  Physics. 
1 3.  Chemistry  and  Photography. 
:|  4.  Geology,  Geography,  and  Mineralogy. 
If.  Biology,  indttdinf  Microeoopy  and  An- 

duropolory. 


fx4.  Mbdicinx. 

"'The  Year-Book  of  Societies'  fills  a  very  real  want." — 

"  Indispensable  to  any  one  who  may  wish  to  keep  himself 
abreast  of  the  scientific  work  of  the  day." — Edinburgh  Medical 
foumcU, 

"  The  Ybak-Book  of  Socibtibs  is  a  Record  which  ou^t  to  be  of  the  greatest  use  for 

the    progress  of  Science. "—^^n/  Plmyfmr,  F.R.B.^  K.C.B.,  MJ*,,  Prntt-PreHdent  oftfu 

BriHsk  Astteimit^H. 

It  goes   almost  without  saying  that  a   Handbook  of  this  subject  will  be  in  tim« 
^■'  the  most  generally  useftil  works  for  the  library  or  the  desk.*' — TJk^  Tittus. 

"  British  Societies  are  now  well  zvpreaentad  !n  the  '  Year-Book  of  the  Sdentific  and 


one  of  the  most  generally  useftil  works  for  the  library  or  the  desk.*' — Tkg  Times. 

Learned  Societies  of  Great  Britam  and  Ireland.'"— (Art.  "Societies'*  in  New  Edition  of 


«< 


Encyclopedia  Britannica,"  vol.  xxii.) 


Copies  of  the  First  Issxts,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  various 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
•had,  price  7/6.     Also  Copies  of  the  following  Issues. 


The  YEAR-BOOK  OF   SOCIETIES  forms  a  complete   index  to 

THE  SCIENTIFIC  WORK  of  the  year  in  the  various  Departments. 

It  is  used  as  a  ready  Handbook  in  all  our  great  SciENTinc 
Centres,  Museums,  and  Libraries  throughout  the  Kingdom, 
.and  has  become  an  indispensable  book  or  reference  to  every 

.one  engaged  in  Scientific  Work. 
LONDON:  CHARLES  SRIFFIN  &  CO.^  LIMITED,  EXETER  STREET,  STRAND. 


PRACTICAL  MEDICAL  HANDBOOKS.  85 

Fifth  Edition,  Thoroughly  Revised  and  Enlarged.     With 

Additional  Illustrations.     Price  6s. 

PRACTICAL  SANITATION: 

A  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 

INTERESTED  IN  SANITATION. 

By  GEORGE    REID,    M.D.,   D.P.H., 

WtlUw,  Mem.  Council.,  and  ExamituTt  Sanitary  Institute  of  Great  Britain^ 
and  Medical  Officer  to  the  Staffordshire  County  Council. 

Mftb  an  %}^}^^n^ii  on  Sanitary  Xavp. 

By     HERBERT    MAN  LEY,     M.A.,    M.B.,     D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  Bromwich, 

General  Contents. — Introduction — Water  Supplv:  Drinking  Water, 
Pollution  of  Water— Ventilation  and  Warming  —  Principles  of  Sewage 
Removal  —  Details  of  Drainage  ;  Refuse  Removal  and  Disposal — Sanitary 
and  Insanitary  Work  and  Appliances — Details  of  Plumbers  Work — House 
Construction  —  Infection  and  Disinfection  —  Food,  Inspection  of ;  Charaf- 
teristics  of  Good  Meat ;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food — 
Appendix :  Sanitary  Law ;  Model  Bye-Laws,  &c. 

"Dr.  Reid*s  very  useful  Manual  .  .  .  abounds  in  practical  detail.*' 
— British  Medical  Journal. 

"  A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  recommend 
it  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  interested 
in  Sanitary  matters." — Sanitaty  Record. 


Third  Edition,  Revised.    Largt  Crown  8tio.    Handtome  Cloth,    4t. 

A  MANUAL  OF  AMBULANCE. 

By  J.  SOOTT  RIDDELL,  CM.,  M.B.,  M.A., 

B«nior  Amt-Smvooa,  AberdMii  Rojul  Inflrmary ;  Lecturer  and  B  zuniner  to  the  Aberdeea 

Ambulance  AsiocUtloD ;  Bzamlner  to  the  8t  Andrew's  Ambulance  Anociation, 

Olaigow,  and  the  St.  John  Ambulance  Anodatlon,  London. 

With  Numerous  Hiuatratlona  and  Full  Page  Plates, 


General  Contente. — Outlines  of  Human  Anatomy  aad  PhyBiologr— 
The  Triangular  Bandage  and  its  Usee — The  Roller  Bandage  and  its  Usea 
— Fraoturea — Dialooationa  and  Sprains — Hemorrhage — Wounds — Inseuai- 
bility  and  Fits — Asphyxia  and  Drowning—  Suffocation — PoiBonine— Buma, 
Frott-bite,  and  Sunstroke — Eemoval  of  Foreign  Bodies  from  (a)  The  Eye ; 
<6)  The  Ear;  (c)  The  Nose;  (d)  The  Throat;  (e)  The  Tiasuea— Ambulance 
Transport  and  Stretcher  Drill-^The  After-treatment  of  Ambulance  Patients 
— Organiaation  and  Management  of  Ambulance  Glassea— Appendix  :  Ex- 
amination Papers  on  First  Aid. 

**A  OArrrai.  book.  .  .  .  The  dirMtiolu  are  shobt  and  ouujt,  sad  taatlfy  to  inc 
hand  of  an  able  enrfeon."— £(f<R.  M§d.  Journal. 

" This  lltUo  ▼olnma  aeems  to  OS  about  as  good  as  it  oonldpoeelblT  ba.  .  .  .  Oontaliis 
praetioaUy  eyery  pieoe  of  infonnatton  neoemiaTy  to  render  Sirst  aid.    .    .    .    Should  find 


III  pliboe  in  BTBaT  bouishold  uaaasr." — Ikuly  < 

"  80  AOMiKABLB  is  this  work,  that  it  ia  dflBoalt  to  imaglno  how  it  oonld  be  bettar.**— 
C^nUrff  Quardian. 

LONDON :  CHARLES  GRIFFIN  ft  CO.,  LIMITED,  EXETER  STREET.  STRAND. 


SRIFFIN'S  "OPEN-AIR"  SERIES. 

"Boys  OOULD  NOT  HAVE  A  MORS  ALLURING  IMTBODVCnON   tO  BClentific  pUTBUit* 

th«n  these  charming-looking  volumes."— Letter  to  the  Publlshen  from  the  Head- 
matter  of  one  of  our  great  Public  Schools. 

OPEU-AIR  STODIES  IJI  BOTflJlV: 

SKETCHES    OF   BKITISH    WILD    FLOWEBS 

IN  THEIB  HOMES. 

'BY 

R.  LLOYD  PRAEQER,  B.A.,  M.R.I.A. 

Illustrated  by  Drawings  from  Nature  by  S.  Rosamond  Praeger^ 

and  Photographs  by  R.  Weleh. 

Handsome  Cloth,  78.  6d.     Gilt,  for  Presentation,  Ss.  6d. 

General  Contents. — A  Daisy-Starred  Pasture— Under  the  Hawthoms> 
— By  the  River — Along  the  Shingle — A  Fragrant  Hedgerow— A  Connemara 
Bog — Where  the  Samphire  grows — A  Flowery  Meadow — Among  the  Corn^ 
(a  Study  in  Weeds) — In  the  Home  of  the  Alpines — A  City  Rubbish-Heap — 
Glossary. 

"  A  FRESH  AND  STIMULATING  book  .  .  .  should  take  a  high  pl»o«  .  .  .  The- 
Illustrations  are  drawn  with  much  skill."— 7%e  Times. 

"  BlAUTIFULLT   ILLUSTRATED.      .      .       .      One  of  the  MOST  AOOURATl  aS  WOll  as- 

INTERESTING  books  of  the  kind  we  have  aeen."—Athen€Bum. 

"Bedolent  with  the  scent  of  woodland  and  meeAow."-^The.Standard. 

"A  Series  of  STIMULATING  and  delightful  Chapters  on  Field-Botany."— 7JU~ 
Soottmun. 

"  A  work  as  fresh  in  many  wi^s  as  the  flowers  themselves  of  which  it  treats.  The- 
RIOH  STORK  of  information  which  thu  book  contains    .    .    ."—The  Garden. 


OPEJJ-Ml^  STUDIES  l|i  GEOIiOGY: 

An  Introduction  to  Geologry  Out-of-doors. 

BT 

GRENVILLE   A.  J.   COLE,   F.G.S.,   M.R.I.A., 

Professor  of  Geology  in  the  Koyal  College  of  Science  for  Ireland. 
With  12  Full-Page  llluatrationa  from  Photographs.     Cloth.     Sa,  6d. 

Genekal  Contents.— The  Materials  of  the  Earth— A  Mountain  Hollow 
— Down  the  Valley— Along  the  Shore — Across  the  Plains — Dead  Volcanoes 
—A  Granite  Highland— The  Annals  of  the  Earth— The  Surrey  Hills— The^ 
Folds  of  the  Mountains. 

'*The  rABcniATtxo  'Opkv-Aik  Studies'  of  Prof.  Cols  eire  the  sabjeet  a  glow  of 
ANIMATION    .    .    .    cannot  fall  to  arooae  keen  interest  in  geology."— Oeotoi^iea/  Uoffoane, 

"EsciNKNTLT  RBADABLE  .  .  .  eTory  Small  detail  in  a  scene  touched  with  a  sym- 
pathetic kindly  pen  that  remindn  one  of  the  lingering  brush  of  a  Constable."— A'a/ure. 

''The  work  of  Prof.  Colo  combines  slsoanob  of  sttlb  with  scixKTmo  TROBOuoHHSsa**— 
Petennann's  M%ttheHungen. 

"*  The  book  is  worthy  of  Its  title :  from  coTor  to  cover  it  ifi  stboro  with  bracing  f^shnest 
of  the  mountain  and  the  field,  while  its  acccbaot  and  tbosouohnbss  show  that  it  is  the- 
work  of  an  earnest  and  conscientiouB  student.  .  .  FuU  of  picturesque  tonobet  irhlck> 
are  most  welcome."— ilTalurat  Seienu. 

*'  A  CHASMiNO  BOOK, beautifully  lUustrated.'— ^/A^nantm. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXETER  STREET,  STRANa 


